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U.  S.  Department  of  Agriculture, 

Office  of  Experiment  Stations, 
Washington,  I).  C,  January  8,  1902. 
SlB:  I  have  the  honor  to  transmit  herewith  for  publication  as  Bul- 
let in  No.  lot;  of  i  his  ( Hlice  a  scries  of  led  ures  on  soil  invest  igat  ions  at 

Rothamsted,  England,  delivered  ander  the  provisions  of  the  Lawes 
Agricultural  Trust,  by  Bernard  Dyer,  D.  Sc.,  before  the  convention 
of  the  Association  of  American  Agricultural  Colleges  and  Experiment 
Stations  at  New  Haven  ami  Middletown,  Conn.,  November,  1901. 
These  le<-i  ures  are  recommended  For  publication  in  full,  not  only  on 
account  of  their  intrinsic  value,  but  in  conformity  with  the  wish  of  the 
late  Sir  John  I. awes,  frequent  1  y  expressed  during  the  later  years  of 
his  life,  u  i  hat  all  siat  ist  ical  matter  reiai  ing  t<>  observat  ions  ami  exper- 
iments on  the  Rothamsted  soils  should  be  brought  together  (as  he 
expressed  it  )  *  bei  ween  one  pair  of  covers.'  "  Tliese  observal  ions  and 
experiments  have  extended  over  a  number  of  years  and  have  been 
partly  published  elsewhere,  but  by  far  the  greater  portion  of  the  mat- 
ter contained  in  these  lectures,  including  the  results  of  the  author's 
recent  exhaust  ive  st  udies  on  t  he  phosphoric  acid  and  potash  contents 
of  Rothamsted  soils,  is  new.  It  is  fitting  that  ackowledgment  should 
here  be  made  of  the  munificence  and  splendid  devotion  to  agricultural 
science  which  prompted  Sir  John  Lawes  not  only  to  found  and  main- 
tain for  many  years,  but  to  endow  in  perpetuity,  the  great  experiment 
slat  ion  at  Rot  hamsted,  and  of  t  he  kindly  interest  in  American  agricul- 
ture which  led  him  at  the  same  time  to  provide  for  a  series  of  biennial 
lectures  in  the  United  Stales  on  the  work  of  that  station,  in  order,  as 
he  stated,  that  Americans  might  feel  that  they  had  a  share  in  any  of 
the  benefits  which  might  arise  from  the  Rothamsted  endowment. 

Since  these  lectures  wnv  prepared  for  publication,  Sir  J.  Henry 
Gilbert,  who  for  over  fifty-five  years  was  the  associate  of  Sir*  John 
Lawes  at  Rothamsted,  has  also  passed  away  from  the  scene  of  his 
lifelong  labors.  He  died  on  December  23,  1901,  at  the  age  of  nearly  85 
years. 

The  lectures  transmitted  herewith  are  the  fourth  of  the  courses  so 
provided  for  and  the  third  to  be  published  as  bulletins  of  this  Depart- 
ment. The  first  course,  delivered  at  Washington,  D.  C,  August, 
1891,  by  Robert  Warington,  F.  R.  S.,  gave  a  brief  account  of  the 
Rothamsted  Experiment  Station,  but  dealt  mainly  with  the  work  of 
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that  station  on  the  changes  (nitrification  and  denitrification)  which 
nitrogenous  compounds  undergo  in  the  soil,  and  on  drainage  and  well 
waters.  These  lectures  were  published  in  an  edition  of  5,000  copies 
as  Bulletin  No.  8  of  this  Office,  but  the  bulletin  is  now  out  of  print. 
The  second,  which  was  a  carefully  prepared  review  of  the  field  and 
feeding  experiments  at  Rothamsted  during  half  a  century,  by  Sir 
Joseph  Henry  Gilbert,  M.  A.,  LL.  D.,  F.  R.  S.,  was  published  in  an 
edition  of  6,000  copies  as  Bulletin  No.  22  of  this  Office,  and  is  also  out 
of  print. 

Respectfully,  A.  C.  True, 

Director. 

Hon.  James  Wilson, 

Secretary  of  Agriculture. 
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RESULTS  OF  INVESTIGATIONS  ON  THE 
ROTHAMSTED  SOILS. 


INTRODUCTION. 

Il  is  my  privilege  to  appear  before  you  as  the  delegate  of  tlie  Lawcs 
Agricultural  Trust  Committee,  to  offer  once  again,  for  your  aceept- 
ance,  a  digest  of  the  results  of  some  of  the  work  carried  <>ut  at  Rotham- 
sted.  When  the  late  Sir  John  Bennett  Lawes  permanently  endowed 
and  dedicated  to  the  public  his  famous  experimental  stal  ion,  he  recog- 
nized, as  yon  will  recollect,  the  interest  which  you  in  America  had 
long  shown  in  Kothamsted,  by  making  prov  ision  in  the  trust  deeds 
for  the  periodical  delivery  here  of  what  have  now  come  to  be  known 
as  the  Rot  hamsted  leet  ures. 

The  first  to  fulfill  the  mission  was  Professor  Warington,  in  1891; 
the  next  was  Sir  John's  veteran  colleague,  Sir  J.  Henry  Gilbert,  who 
visited  you  in  INu.'i;  w  hile  the  last,  in  1SU7,  was  Professor  Armst rong, 
wlio  acts  on  the  Lawes  Agricultural  Trusl  Committee  as  the  represent  - 
at  ive  of  t  he  (  hemical  Society. 

This,  therefore,  is  the  fourth  occasion  <>n  which  official  greeting 
passes  personally  and  by  word  of  mouth  from  the  time-honored  insti- 
tution in  Kngland  to  the  representatives  of  the  many  younger  but 
already  vigorous  and  nourishing  kindred  institutions  which  have 
grown  up  on  your  side. 

My  visit  to  you  occurs  at  a  I  hue  which  is  one  of  mourning  for  all  who 
care  for  Etothamsted  and  its  work.  Sir  John  Lawes  passed  away  from 
us  on  the  last  day  of  August  this  year,  at  what  would  usually  be 
called  the  pipe  old  age  of  nearly  86.  But  the  use  of  this  conventional 
phrase  would  not  be  applicable  to  his  case.  Ripe  his  Life  was  in  one 
sense,  in  so  far  as  ripeness  is  an  emblem  of  maturity,  of  service,  of 
usefulness,  of  the  potentiality  to  feed,  enrich,  and  adorn.  All  this 
his  life  did  for  the  mental  life  of  all  who  intelligently  study  agricul- 
ture; and  much  also  has  it  done  directly  and  indirectly,  in  a  physical 
sense,  to  mitigate  the  troubles  and  advance  the  well-being  of  thou- 
sands of  his  fellow-agriculturists  at  home  and  abroad.  But  in  the 
sense  of  being  ripe  for  the  harvest,  his  life  was  not  ripe.  Though 
full  of  years  he  was  of  such  a  fine  and  vigorous  constitution,  and 
still  mentally  so  young  and  fresh,  that  his  friends  confidently  fore- 
told for  him  many  years  yet  of  active  work.    There  was  no  fading 
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into  the  mental  repose  that  gradually  creeps  into  the  life  that  is  lived. 
An  unfortunate  seizure  of  a  zymotic  type,  purely  adventitious  and 
indiscriminate  in  its  choice  of  victims  between  youth  and  age,  termi- 
nated his  labors  at  a  few  days'  notice. 

The  life  and  career  of  Sir  John  Lawes  up  to  ten  years  since  were 
ably  sketched  to  you  by  Professor  Warington  at  the  opening  of  the 
first  series  of  these  lectures,1  and  I  will  therefore  now  not  do  more 
than  thus  briefly  record  the  temporal  death  of  one  who  will  live  peren- 
nially in  scientific  history  as  one  of  the  most  remarkable  figures  of 
the  century  that  is  just  drawing  to  its  close.  I  would  like,  however, 
to  add  that  during  the  last  three  years  he  had  looked  forward  with 
much  interest  to  the  delivery  to  you  of  the  lectures  which,  at  his  own 
request,  have  been  intrusted  to  my  unworthy  hands,  that  he  has 
often  personally  discussed  Avith  me  their  scope  and  material,  and  that, 
within  a  very  few  days  of  his  death,  his  last  act  of  work  was  to  dis- 
cuss with  Sir  Henry  Gilbert  the  selection  of  some  of  the  matter  which 
he  and  his  colleague  desired  to  be  brought  before  you  on  this  occasion. 

You  are  well  aware  of  the  scope  and  nature  of  the  long-continued 
and  multifarious  work  carried  on  at  Rothamsted,  not  merely  from 
the  bulletins  or  "memoranda"  which  are  annually  transmitted  to 
many  of  you  individually,  but  also  through  the  comprehensive  lec- 
tures in  which  Sir  Henry  Gilbert,  on  the  occasion  of  his  last  visit  to 
your  country,  summed  up  a  large  part  of  the  work  of  no  less  than  fifty 
years  of  research.2  Among  the  matters  which  he  brought  to  your 
notice  was  much  of  the  chemical  work  which  had  been  done  in 
the  examination  from  time  to  time  of  certain  of  the  experimental 
soils,  some  of  which  had,  indeed,  been  brought  to  your  notice  by 
my  earlier  predecessor,  Professor  Warington.  With  the  excep- 
tion, however,  of  some  special  work  of  my  own  on  the  barley  soils, 
tne  latest  systematic  series  of  analyses  which  had  then  been  made 
was  that  of  the  samples  of  the  Broadbalk  wheat  field  collected  in  1881. 
During  the  year  of  Sir  Henry  Gilbert's  visit  to  you,  however,  viz,  in 
1893,  a  complete  set  of  new  samples  was  taken  from  this  field  on  the 
completion  of  the  fiftieth  consecutive  wheat  crop;  and  these  samples 
have  since  been  submitted  to  examination  in  various  ways  in  the 
Rothamsted  laboratory,  and  also  with  regard  to  certain  special  points, 
by  the  kind  permission  of  the  committee,  in  my  own  laboratory.  The 
result  has  naturally  been  to  add  much  to  the  already  valuable  knowl- 
edge arrived  at  by  the  analyses  of  the  earlier  samples,  many  of  which 
early  samples,  it  may  be  added,  have  been  reexamined  since  by 
myself  in  the  Light  of  later  work  in  certain  directions  not  com  en  i 
plated  when  t  he  samples  were  originally  taken.  We  have  thus,  with 
Hie  old  results  and  the  new,  a  large  mass  of  information  relating  to 
the  chemistry  of  the  wheal  soils,  which  it  has  been  the  desire  of  both 
Sir  John  Lawes  and  Sir  Henry  Gilbert  to  have  presented  now  in  a 

1  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  8. 

2  U.  8.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  22. 
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collected  and  comprehensive  form,  not  merely  that  its  general  out- 
COme  may  be  Been,  bnl  also  that  the  detailed  figures  of  the  great  num- 
l)cr  of  determinations  (of  which  a  large  proportion  are  new  and  hitherto 
unpublished,  while  others  are  scattered  over  the  pages  of  various 
separate  memoirs  and  lectures)  may  be  embodied  and  preserved  in  a 
collected  form  for  the  future  reference  of  those  who  may  from  time 
to  time  wish  to  restudy  the  results.  It  has,  at  the  same  time,  been 
their  desire  to  collate  with  these,  in  certain  directions,  the  results 
obtained  from  the  examination  of  other  of  the  experimental  soils. 
The  task  of  completing  and  presenting  1<>  you  this  collation  lias  been 
intrusted  to  my  hands.  The  wealth  of  material  has  made  anything 
like  an  adequate  discharge  of  the  task,  within  the  necessarily  con- 
fined limits  of  these  Lectures,  a  matter  of  Impossibility,  for  the  work 
might  more  easily  be  expanded  bo  a  series  <>f  volumes.  The  material 
Itself,  however,  will  be  transcribed  for  the  leisurely  detailed  exami- 
nation of  those  among  you  who  find  especial  interest  in  it  from  one 
01  other  of  the  many  points  from  which  it  may  be  approached;  while 
for  its  discussion  I  must  be  contenl  to  place  before  you  such  of  1  he- 
more  interesting  and  striking  features  of  the  results  as  may  be 
included  within  such  space  a^  I  may  reasonably  venture  to  wander 

over,  keeping  before  me  the  fact  that  even  liberal  governmental 
printing  grants  have  their  necessary  limitations.  While  I  freely 
accept  all  blame  that  may  *be  accorded  to  t  hese  lectures  for  errors  of 
judgment  in  the  selection  of  points  for  discussion,  or  for  inadequacy 

or  obscurity  of  treatment.  I  would  ai  the  same  time  at  once  ask  that, 
for  whatever  interest  and  satisfaction  may  be  derived  from  their 

perusal,  a  very  large  share  of  the  credil  should  go  to  Sir  Henry  Gil- 
bert, who  has  spent  infinite  pains  in  aiding  and  advising  me  in  this 
work . 


Section  I. 


SOIL  SAMPLING. 

The  methods  of  soil  sampling  adopted  at  Rothamsted  have  been 
previously  described  to  you,  but  it  seems  desirable,  in  a  memoir  which 
embodies  such  complete  statistical  results  as  will  here  be  recorded, 
that  the  details  relating  to  sampling  should  for  purposes  of  reference 
be  included.  Indeed,  it  is  desirable  that  this  should  be  done,  if  only 
to  again  emphasize  the  general  necessity  of  minute  precautions  and 
regular  procedure  in  sampling  any  soils  which  either  possess  or  may 
be  likely  to  acquire  an  experimental  history.  Those  who  have  the 
charge  of  experimental  stations,  and  who  may  not  have  brought  their 
minds  to  bear  fully  on  the  capital  scientific  importance  of  correct  soil 
sampling,  may  derive  useful  hints  from  the  description,  while  those 
who  are  already  alive  to  the  difficulties  that  may  follow  upon  disre- 
gard of  certain  precautions  will,  from  that  very  sense,  bear  with  me. 
For,  although  attention  has  been  directed  very  frequently  to  this 
matter,  there  is  too  much  reason  to  suppose  that  not  a  little  other- 
wise good  soil  work  has  been  vitiated  by  reason  of  insufficient  atten- 
tion to  the  drawing  of  representative  samples. 

The  first  determinations  of  nitrogen  in  the  Rothamsted  soils  were 
made  by  soda-lime  combustion  by  the  old  platinum  method,  in  the 
surface  soil  of  the  Broadbalk  wheat  field,  as  long  ago  as  1846;  but  it 
was  soon  recognized  that  results  obtained  on  samples  collected  with- 
out careful  attention  to  area  and  depth  were  of  little  value,  and  were, 
indeed,  misleading.  In  185G  the  method  of  collection  then  and  sub- 
sequently adopted  was  devised,  and  I  perhaps  can  not  do  better  than 
quote  directly  from  Professor  Wanngton's  lecture.1  Professor  War- 
Lngton  says: 

A  frame  made  of  stout  sheet  iron,  in  shape  a  rectangular  prism,  open  at  lop  and 
bottom,  is  driven  into  the  soil  by  repeated  blows  of  a  wooden  rammer,  till  the  soil 
has  the  same  level  inside  and  outside  the  frame.  The  soil  inside  the  frame  is  then 
cut  out.  and  constitutes  the  sample  of  the  first  depth  or  surface  soil.  That  the 
frame  is  accurately  emptied  is  ascertained  by  trials  with  a  wooden  gauge  of  the 
sam*'  depth  as  the  iron  frame,  if  a  sample  of  the  next  depth  is  to  be  taken,  the  soil 
is  cleared  away  around  the  outside  of  the  frame  till  the  level  is  reduced  to  that  of 
the  bottom  of  the  frame,  the  frame  is  then  driven  down  again,  and  the  former 
operations  are  repeated. 

Soil  sampling  at  Rothamsted  is  usually  carried  down  to  three  depths,  but  in  a 
good  many  cases  it  has  been  carried  down  to  twelve  depths.    The  area  of  the  sam. 

1  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  8,  p.  89. 
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pling  frame  used  for  the  first  depth  is  usually  144  square  inches  (12  by  12  inches) , 
a  smaller  frame  (6  by  <>  inches)  being  used  for  the  succeeding  depths.    *   *  * 

The  iron  frame  has  a  stout  rim  along  its  upper  edge  to  increase  its  strength. 
The  best  sampling  frame  is  made  of  cast  steel:  this  form  of  frame  needs  no  rim. 
( Models  of  both  the  larger  and  smaller  steel  frames  used  at  Rothamsted  were  on 
this  occasion  presented  to  the  United  States  Department  of  Agriculture.) 

When  the  soil  sampling  is  carried  below  the  first  depth,  care  must  be  taken 
when  digging  around  the  frame  that  each  depth  of  soil  removed  is  placed  by 
itself,  so  that  when  the  pit  is  filled  in  the  soil  may  be  returned  to  its  proper  posi- 
tion. A  record  is  kept  of  the  place  where  the  sampling  was  conducted,  as  a  soil 
can  not  be  accurately  sampled  twice  in  the  same  place. 

Each  sample  of  soil  is  weighed  as  soon  as  it  is  removed  from  the  frame  and  is 
put  into  a  bag  by  itself.  When  the  soil  reaches  the  laboratory  it  is  at  once  broken 
up  by  hand  into  small  pieces  and  laid  on  paper  trays,  which  are  placed  on  the 
shelves  of  a  storeroom  kept  at  a  temperature  of  About  B5  0,  till  thoroughly  dry; 
each  sample  is  then  returned  to  its  bag.  This  immediate  drying  of  the  soil  at  a  low 
temperature  is  essential  if  changes  in  the  organic  matter,  and  especially  nitrifica- 
tion, are  to  l>e  stopped.  This  practice  dates  at  Rothamsted  from  1877.  After 
drying  the  soil  it  may  be  stored  till  leisure  is  found  for  further  work.  Each  hag 
is  then  weighe  1.  The  soil  is  crushed  and  passed  through  a  one- fourth  inch  sieve; 
the  stones  that  do  not  pass  through  this  si.-ve  are  weighed  and  subse  uentiy  des- 
cribed) as  stones.  All  that  passes  through  the  sieve  is  thoroughly  mixed  and  a 
sufficient  quantity  is  finely  powdered  for  analysis.  Mixed  samples  are  prepared 
after  the  soil  has  passed  through  the  one-fourth  inch  sieve  or  after  it  has  reached 
the  stage  of  fine  powder. 

This  method  of  taking;  soil  samples,  with  the  exception  of  the  adop- 
tion of  the  definite  temperature above  mentioned  for  drying,  lias  been 
(as  has  already  been  said)  in  use  at  Rothamsted  since  L856,  and  it 
is  interesting  here  to  record  thai  between  -1,000  and  59000  individual 
samples  of  the  Kothamsted  soils  have  been  collected  in  the  fashion 
above  described. 

The  depth  of  '.»  inches  fixed  for  sampling  the  surface  soil  is  some- 
what greater  t  ban  would  now  be  adopted  in  the  light  of  the  experi- 
ence thai  has  been  gained;  although  il  would  now  be  obviously  inex- 
pedient to  make  any  change  at  Rothamsted,  since  in  that  ease  future 
samples  would  not  be  comparable  with  earlier  ones.  But  in  new  soil 
work  begun  elsewhere,  both  Sir  John  I. awes  and  Sir  Henry  Gilbert 
came  to  the  conclusion  that  about  s  inches  would  be  a  fairer  depth  at 
which  to  mark  off  the  surface  soil  from  the  subsoil.  And,  since  the 
metric  system  is  so  widely  used  in  scientific  work,  the  recommendation 
made  by  them  to  those  initiating  experimental  work  in  soil  is  to  lake 
the  nearest  round  number  metric  approximation,  and  adopt  a  cube 
with  Ihe  linear  dimension  of  0.2  under  as  the  unit  for  soil  sampling. 
This  would  give  to  each  layer  of  soil  a  depth  of  7.874  inches,  or 
practically  8  inches. 


1  Representing  each  plat  and  each  depth. 
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THE  BROADBALK  WHEAT  SOILS. 
SUMMARIZED  HISTORY. 

These  plats  have  been  under  experimental  cultivation  since  1843, 
and  have  continuously  grown  wheat,  the  lately  harvested  crop  of  1900 
having  been  their  fifty-seventh.  The' continuously  unmanured  plats 
are  still  giving  their  12  to  13  bushels  a  year,  while  the  well-manured 
plats  are  giving  from  30  to  40  bushels. 

The  general  history  of  the  field  and  the  practical  results  of  the 
influence  of  the  various  modes  of  manuring  upon  the  crops  produced 
were  very  fully  described  and  discussed  by  Sir  Henry  Gilbert  in  the 
lectures  which  he  delivered  here  in  1893.  This  makes  it  unnecessary 
that  I  should  take  up  your  attention  by  dwelling  on  what  may  be 
called  the  above-ground  or  vegetative  or  economical  effects  of  the 
various  manures.  It  is  rather  on  the  underground  results  of  this 
continuous  corn  growing,  under  so  many  different  circumstances,  that 
I  have  to  discourse  to  you.  It  is  necessary,  however,  for  a  discussion 
of  the  soils  themselves  that  we  should  have  before  us  a  summary  of 
the  history  of  each  plat,  and  as  the  soil  analyses  end  tor  the  present 
with  the  samples  taken  in  1893,  it  seems  convenient  to  adopt,  with 
some  minor  modifications,  the  summary  given  in  the  annual  "Memo- 
randa "  issued  from  Rothamsted  recording  the  results  up  to  the  end 
of  1893.  Table  1  shows  the  number  or  special  mark  of  each  plat,  a 
summarized  history  of  its  mode  of  manuring  for  fifty  years,  the  average 
product  of  grain  and  straw  for  the  twenty-one  years,  1852-1872;  for  the 
twenty-one  years,  1873-1893;  for  the  forty-two  years,  1852-1893,  and 
also  for  the  six  years,  1889-1894. 


Table  1. — Broadbalk  wheat  plat* — Historical  summary  of  manurings  and  crop- 
pings  to  1804. 


Average  yield  per  acre. 

Plat. 

Annual  manuring  per  acre  (over 

21  years 
(1852-1872). 

21  years 
(1873-1893). 

42  years 

(1852-1893). 

(5  years 
(1889-1894). 

50  years). 

Wheal 

Straw 

Wheal 

\ 

h 

43 

Wheal 

Straw 

Wheat 

Straw 

14  tons  farmyard  manure,  com- 

Bush. 

Cwt. 

Bush. 

Cwt. 

Bush. 

Cwt. 

Bush. 

Cwt. 

30} 

28| 

L4  tons  farmyard  manure  (1843-44 
and  every  year  since)  

Unmanurod  continuously  

Unmanured   continuously  since 
1852 1  previously  superphosphate 
and  ammonium  ^alts)  

3  

35} 
14} 

33| 

m 

§84 
Hi 

aoj 

8} 

34f 
121 

321 
108 

40| 
12J 

38f 
9* 

4  

15J 

135 

Hi 

8| 

181 

10J 

134 

9fr 

1L' 
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Plat. 


5  (A  and  B> 


6  (A and  B) 


7  (A  and  B) 


8  (A  and  B* 


Annual  manuring  per  acre  (over 
50  years  i. 


Average  yield  per  acre. 


21  years 
(1852-1872). 


18  ( A  and  B) 

14  (A and  B) 

15  (A  and  B) 

16  (A  and  B). 


Potassium  sulphate  (2m  pounds), 
sodium  sulj)hate  I  loo  pounds), 
magnesium  sulphate  (K)0 
pounds*,  superphosphate  (888 
I>ounds):  some  dressings  of 
ammoninm  salts  prior  to  1k">2 

Potassium  sulphate  (800  pounds), 
sodium  sulphate  1 lm  pounds), 
magnesium  sulphate  dm 
pounds),  suporphospli.it''  >■>'■>:! 
pounds  i.  aiuinonium  salts  (200 

pounds.   

Potassium  sulphate  i  2m  pounds  >. 
sodium  sulphate  (loo  pounds), 
magnesium  sulphate  fldd 
pounds),  sui>erpho.sphate  (3!»2 
pounds*,  ammonium  salts  (400 
pounds)  

Potassium  sulphate  (800  pounds), 
sodium  sulphate  (loo  pounds), 
magnopiuni  sulphate  i  Km 
pounds  i,  superphosphate  o?.»2 
pounds),  ammonium  stilts  (600 
pounds^  

Potassium  sulphate  (800  pounds), 
sodium  sulphate  dm  pounds), 
magnesium  sidphate  dm 
l>ounds),  superphosphate  (808 
pounds),  sodium  nitrate,  for- 
merlv  550  pounds,  latterly  (since 
1884  )  275  pounds  

Sodium  nitrate,  formerly  550 
pounds,  latterly  (since  18*1  |  875 
pounds     

Auiin<  .inum  salts  alone,  -lint  pounds 
yearly  since  1*11;  mineral  ma- 
nure in  lsu  only  

Ammonium  salts  alone.  400  pounds 
yearly  since  lsH  (except  in  1*10 
and  1850;  mineral  manure  in  1844, 
1848.  and  1860)  

Ammonium  salts  dm  pounds), 
superphosphate  (808  pounds)  

Ammonium  salts  i  lot)  pounds), 
superphosphate  (3!»:J  pounds), 
sodium  sulphate  (866*  pounds); 
some  ])otassium  salts  in  earlier 
years  

Ammonium  salts  (400  pounds), 
superphosphate  (392  pounds), 
potassium  sulphate  i200  pounds  ) 

Ammonium  salts  (400  pounds), 
superphosphate  (W2  pounds), 
magnesium  sulphate  ( 280 
pounds):  some  potassium  salts 
in  earlier  years  

Ammonium  salts  (400  pounds) 
applied  in  autumn;  superphos- 
phate and  potassium,  sodium, 
and  magnesium  salts  as  on  plat 
5.  ( Haif  this  plat  received  rape 
cake  in  partial  substitution  for 
ammonium  salts  up  to  1872)  

1852-1864  (18  years),  potassium, 
sodium,  and  magnesium  salts, 
superphosphate,  and  800  pounds 
ammonium  salts  (average  prod- 
uce for  these  13  years,  39* 
bushels  grain,  46*  cwt.  straw); 
1865-1883  ( 19  years)  unmauured 
(average  produce  for  these  19 
years,  Its  bushels  grain,  121  cwt. 
straw);  1884  and  since,  potas- 
sium, sodium,  and  magnesium 
salts  and  superphosphate  as  on 
plat  5,  and  sodium  nitrate,  550 
pounds  


Bush.  Cwt.  Bush 


21  years 

(1873-1893). 


1«!  145 


38* 


314 


Hi 


21 S 


I5j  :«h 


4U 

424 
28* 
811 


m 

324 
181 
17 


34|  18* 

264 1  21 

32|  264 

»  81 


32i 


33J 


27} 


28* 


Cwt. 


30i 


38 


26| 


42  years 
i  1852-1893). 


Hush. 


32! 
36* 

34* 
224 
191 

211 
244 

304 
31* 

30| 
30* 


35       82 j  I     22*      27*     28 J      34*  38* 


Cwt. 


12* 


2H 


32, 


17* 

20 
23 


3U 


29J 


80| 


rears 
)-1894). 


Bush. 


Cwt. 


14]  10* 

26*  21* 

34*1  33* 

37  |  40* 

30 
19* 
16! 

18 
21 J 

29* 
32| 

29*  - 
32* 
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Table  1. — Broadbalk  wheat  plats,  etc. — Continued. 


Plat. 


Annual  manuring  per  acre  (over 
50  years). 


Average  yield  per  acre. 


21  years 
(1852-1872). 


21  years 
(1873-1893). 


42  years 
(1852-1893). 


b  years 
(1889-1894). 


17  (A  and  B) 
and  18  (A 
and  B). 


19. 


Average  of 
min  e  r  a  1 
years  


These  plats  in  alter- 
nate years  receive, 
the  one  mineral 
manures  as  on  plat 
5,  the  other  ammo- 
nium salts  (400 
pounds),  the  treat- 
ment being  year  by 
year  transposed. 
Thus,  one  year  plat- 
17  receives  the  min- 
eral manures  and 
plat  18  the  ammo 
nium  salts,  while  in 
the  following  year 
plat  17  receives  the 
ammonium  salts 
and  plat  18  the  min- 
eral manures  

(Rape  cake  plat.)  1852-1878  (27 
years),  rape  cake  (500  pounds), 
ammonium  salts  (300  pounds), 
superphosphate  (392  pounds); 
(average  produce  for  these  27 
years,  29}  bushels  grain,  27*  cwt. 
straw);  1878-1882.  rape  cake 
(1,700  pounds):  1883  and  since, 
rape  cake  (1,889  pounds)  applied 
in  autumn  


Average  of 
ammoni- 
um years. 


Mean 
nual. 


Bush. 

m 


3ii 


Cwt. 
16 


31* 


Bush.  Cwt. 


30f 


23* 


12| 


29 


29*  25* 


91 


37| 


18| 


Bush.  Civt. 
15*  12} 


30*  29* 


22|  21 


Bush.  Cwt. 


29?  27 


22i 


25f  m 


19} 


25j 


MECHANICAL  COMPOSITION  (STONES,  FINE  SOIL,  ETC.). 

Having  thus  given  a  brief  tabular  history  of  the  plats  and  their 
produce,  we  may  return  to  the  subject  of  soil  sampling,  giving  an 
account  of  the  results  of  the  various  systematic  samplings  that  have 
been  made  of  the  Broadbalk  soils.  For  the  mere  purpose  of  generali- 
zation or  calculation  it  would  no  doubt  suffice  to  give  merely  sum- 
marized or  average  results  of  the  weights  of  the  samples  and  their 
mechanical  or  physical  composition ;  but,  seeing  that  avast  quantity 
of  detailed  analytical  work  has  been  done  the  chief  interest  of  which 
ultimately  rests  in  its  representation  of  quantities  per  acre,  it  seems 
desirable  in  a  general  record  and  discussion  of  such  analytical  data 
to  give  also  an  account  of  the  detailed  facts  and  figures  which  are 
la  ken  by  Sir  Henry  Gilbert  as  the  basis  of  the  weights  of  fine  dry  soil 
per  acre  adopted  in  acreage  calculations  of  the  soil  constituents. 

Furthermore,  the  various  columns  of  figures  are  Interesting  as  show- 
ing the  general  nature  of  the  variations  in  the  distribution  of  the 
stones,  fine  soil,  moisture,  etc.,  in  the  various  parts  of  this  historic 
field,  both  as  regards  surface  soil  and  as  regards  any  given  layer  of 
subsoil,  and  also  the  differences  shown  to  exist  between  one  layer  or 
stratum  of  subsoil  and  another.  To  some  of  these  variations,  as  well 
as  to  the  general  indical  ions  of  t  he  results,  at  tent  ion  may  be  specific- 
ally directed. 


THE   BROADBALK   WHEAT  soils. 
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The  tables  aboul  to  be  given  show  tin*  percent aires  of  stones,  fine 
dry  soil,  stubble  and  roots,  and  moisture  in  the  Rets  of  samples  taken 
in  the  three  years  1865,  1881,  and  1803,  while  a  further  table  is  added 
giving  a  general  summary  of  those  preceding  it. 

Table  2. — Brnadbalh  >r},,nt  soils  (s(i)upln/  in  October,  1865) — Percentages  of 
stones,  fine  dry  soil .  Hubble  and  roots,  etc..  and  moist" rt  in  Mma  as  mtmpled. 


Plat  8 


First  0  inches. 


P.rt. 


P.ct. 
74.57 


Plat  :t  

Plat  ">a . . . . 
Plat  7a.... 
Plat  '.'.i 
Plat  H»a  .. 
Plat  11a.  .. 
Plat  12a... 
Plat  i:ia  .. 
Plat  Ha  . 
Plat  I'm 


i:»  »., 
ii  88 
17 

:.l 
1-  m; 

18.00 
Ml  .29 
Ifl  H 
LB  M 
W  Ifl 


:i  K 

n  n 
n  7» 
n  n 
r.i.  H7 

78.  IS 
78. 0 
7:1  t'4 
U  56 
78.08 


Second  9  inches. 


P.ct. 
o.  01 


P.ct 

in  8B 


eluding  plat  2.   10.  U    7:i.  7s 


.05 


10.87 
1.08 

K.liT, 

!•  16 

8.21 
8.47 
8.09 
9.  v.* 

II  .Vi 
9.40 


9.01 


P  et 

11.  {H 

9  71 
11.07 

-  87 
lo  11 
lo.  B7 
18.84 

12.  42 
18.88 

i  n 

12  !»s 


/'  rt. 

N  Vs 


P.ct 

0.01 


11.  (El 


71  88 
7.V  O 
7«  it! 

:  sh 
7».  18 

7o.  a 

71.37 

78  n 
70.18 
71  17 


72  lis 


.01 


12  2:1 


Third  !•  inches. 

i 


P.ct 

7.  I'.' 


18  BO 
18.61 
18.61 
17.01 
il  '.is 
l»i.  IV4 

16  a 

i:,  -il 
21  »'.» 
18  H 


l»i.  251 


4.  :»1 
7.20 
4  14 
l  78 

lit.  (C{ 
'.»  IMI 

6.  ft' 

5.  12 

7.  :u; 

4.70 


Per 

71  17 


P.  cf. 


il.  .M 


77.19 
76. 17 
79.40 
7!».  68 
74.  11 
72  66 
7:,  m 
74  70 
::i  Ifl 
71  19 


7:».  57 


o  nl 


P.  rt. 
lN.Ol 


18.30 
17.88 
16.68 

is  .HI 

16  98 
17.84 
18.87 
17.  is 
18. 17 
80  -l 


1-  09 


a  Stones  retained  by  i-inch  sieve.    The  fine  dry  soil  includes  stones  passing  through  a  i-inch 

"•it'V.". 

Iii  1  si;.')  eleven  plats  only  were  sampled  to  the  depth  of  l}7  inches. 
From  the  laboratory  reeords  it  appears  that  in  that  year  (1865)  the 
samples  were  preserved  for  some  time  before  the  determinations  of 
moisture  were  made,  so  that  the  percentages  of  moisture  shown  do 
not  represent  the  amounts  and  condition  of  the  samples  as  collected, 
a  fart  which  of  corns.'  atTects  the  proportions  of  the  other  matters. 
It  is  nevertheless  seen  thai  the  percentage  of  stones  is  highest  in  the 
surface  soil,  considerably  lower  in  the  second  depih,  and  very  much 
lower  in  the  third.  We  see,  moreover,  considerable  variation  in  the 
percentages  of  stones  in  the  samples  taken  at  the  same  depth  from 
the  different  plats,  this  being  especially  the  case  in  the  subsoils. 
This  irregularity  in  the  proportion  of  stones  and  fine  soil  is,  indeed, 
characteristic  of  the  Kothamsted  subsoils,  and  unfortunately  the  vari- 
ations, even  in  different  parts  of  the  same  plat,  make  it  impossible  to 
strike  for  the  mineral  constituents  of  the  subsoil — such,  for  example, 
as  phosphoric  acid — a  capital  debtor  and  creditor  account  that  can  be 
analytically  checked,  although  it  is  sometimes  possible  to  do  this  with 
some  degree  of  success  in  the  case  of  the  surface  soil.  This  difficulty 
is,  of  course,  much  greater  in  the  case  of  the  "  fixed"  constituents  of 
the  soil — like  organic  nitrogen  and  phosphoric  acid — and  of  the  par- 
tially fixed  "'constituents,  like  potash,  than  of  the  soluble  or  "migra- 
tory" constituents,  like  nitrates  or  chlorids. 
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Table  3. — Broadbalk  wheat  soils  (sampled  in  October,  1881)— Percentages  of  stories, 

fine  dry  soil,  etc. 


First  9  inches. 

Second  9 

inches. 

Third  9  inches. 

8 

CO 

8 

CO 

8 

CO 

nes 

o 

CO 

o 
o 

Li 

DO 
© 
Pi 

'o 

CO 

r<  >o 

'o 

CO 

o 
Fh 

1  sto 

dry 

ble,: 
etc. 

ture 

1  sto 

dry 

ble, 
etc. 

ture 

1  sto 

dry 

0) 

o 

© 

ture 

-2 

m 

■Q 

CO 

CO 

o3 

CD 

CO 

o 

Fin 

0 

OQ 

Moi 

Tot 

Fin 

m 

Moi 

Tot 

Fin 

X 

Moi 

p  ft 

L.  Cl. 

P.ct. 

±.  Cl. 

P.ct. 

P.ct. 

p.  ct. 

P  ct 

P.ct. 

P.  ct. 

P.ct. 

/'. 

ct. 

P.  ct. 

Plat  3 .  -  

12.05 

68.68 

0.08 

19. 19 

12.*44 

69.91 

0.01 

17. 64 

9.21 

70. 16 

n 

Ill 

20.62 

Plat  3 

13. 17 

71.08 

.03 

15.  72 

6.45 

73.32 

.01 

20.22 

1.83 

75.85 

UJ 

22.31 

Plat  4 

12.38 

72.19 

.02 

15.41 

3. 93 

76.48 

.01 

19.58 

.85 

77. 18 

ii] 

21.96 

Plat  5a 

13. 10 

70. 61 

.02 

16.27 

13.09 

68.81 

.01 

18.09 

6.45 

72.57 

01 

20. 97 

Plat  6a 

13.09 

69.09 

.03 

17.79 

4.13 

75. 10 

.01 

20.76 

3. 14 

74.82 

III 
UJ 

22. 03 

P'at  7a 

13. 90 

69.61 

.05 

16.44 

9.33 

72.35 

.01 

18.31 

2. 15 

77. 86 

01 

19. 98 

Plat  8a 

15.33 

68.25 

.04 

16. 38 

6. 47 

74.33 

19.20 

1.62 

76.37 

22.01 

Plat  9a  

16.08 

67. 50 

.05 

16.37 

4.38 

75.44 

.01 

20. 17 

1.25 

75.96 

01 

22. 78 

Plat  9b  

Plat  10a  --. 

13. 90 

69.73 

.03 

16. 34 

10.60 

72.39 

17.01 

3. 68 

76.06 

20.26 

14.39 

69.58 

.03 

16.00 

10. 49 

70. 33 

19. 18 

1.88 

75.20 

22.92 

Plat  10b  

16.69 

67. 45 

.02 

15.84 

9.33 

71.02 

"Voi" 

19.  64 

8.38 

69. 80 

21.82 

Plat  11a  

14.63 

69.05 

.03 

16.29 

7.91 

71.70 

20. 39 

5. 51 

72. 58 

"02" 

21.89 

Plat  12a.  

16. 45 

67.78 

.01 

15. 76 

14. 61 

66. 89 

18.50 

18.93 

61.00 

20.07 

Plat  13a  

15.33 

68.47 

.03 

16.17 

8.40 

71.28 

.01 

20. 31 

4.24 

73.32 

01 

22.43 

Plat  14a  

14. 93 

68.15 

.05 

16. 87 

9.21 

71.03 

.01 

19.75 

4.90 

70. 27 

01 

24. 82 

Plat  15a.  

14.40 

69.15 

.06 

16. 39 

6.08 

72.28 

.01 

'21.63 

3.42 

71.83 

01 

24.  74 

Plat  16a...  

17.41 

66.89 

.01 

15. 69 

14.04 

68. 73 

.01 

17.22 

11.94 

67.53 

20.53 

14.63 

68.34 

.02 

17.01 

13. 58 

65.58 

.01 

20.83 

5. 10 

71.74 

23. 16 

Plat  18a....  

16. 19 

07. 26 

.05 

16. 50 

8.37 

71.24 

.01 

20.38 

7. 04 

72. 10 

6i" 

20.85 

Plat  19  

14.52 

68.79 

.02 

16.67 

10. 15 

71.08 

01 

18.76 

7.27 

70. 69 

22.04 

Average,    e  x  - 
chiding  plat  2. 

14.77 

68.89 

.03 

16. 31 

8.98 

71.54 

.01 

19.47 

5.24 

.01 

21.98 

a  Stones  retained  by  i-inch  sieve.    The  fine  dry  soil  includes  stones  passing  through  1-inch 

sieve. 


Table  3  gives  like  results  for  the  samples  taken  in  1881,  though  in 
thai  year  as  many  as  twenty  plats  were  sampled.  As  in  the  case  of 
the  1865  samples,  the  stones  are  highest  in  the  surface  soil,  and 
decrease  as  we  descend;  again  with  a  very  great  range  of  variation 
in  the  second  and  a  still  greater  range  in  the  third  9  inches,  the  fine 
soil,  of  course,  varying  conversely.  It  will  be  seen  that  the  moisture 
is  at  its  lowest  in  the  surface  soil,  higher  in  the  second  9  inches,  and 
still  higher  in  the  third  9  inches.  This  is  usually  found  to  be  the 
case.  The  differences  annually  vary  with  the  preceding  rainfall  and 
other  recent  climatic  conditions,  and  also  according  to  the  recent 
growth  of  vegetation,  the  quantity  of  which  of  course  regulates  the 
loss  of  water  by  leaf  transpiration.  The  variations  in  the  mode  of 
manuring  also  necessarily  affect  the  hygroscopic  character  of  the  soil; 
for  instance,  the  dunged  plats  are  Far  more  retentive  of  moisture  than 
the  plats  receiving  chemical  manures  only.  Thus  L1  is  usually  the 
case  that  the  drainpipes  from  the  dunged  plats  yield  no  drainage 
water,  even  when  the  pipes  Prom  the  other  plats  are  running  freely. 
Probably  the  pipes  from  the  undunged  plats  run  six  limes  for  once 
thai  those  of  the  dunged  plats  run.  Several  inches  of  rain  are  required 
to  cause  the  latter  to  run,  owing  to  the  greal  absorptive  capacity 
acquired  by  the  soil  through  the  accumulation  of  organic  matter  from 
the  dung. 
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Table  \.—Brondbalk  wheat  soils  (sampled  in  October,   IS'j.3) — Percentages  of 
stom  s,  jhir  ilnj  soil,  stiihhle  and  roots,  etc.,  and  moisture  in  soils  as  sampled. 


First  1  inches. 

Second  9 

inches. 

Third  9  inches 

i 

• 

• 

i 

i 

a 

a 

■ 

e 

of 
*-> 

■it 
© 

o 

4 

0) 

1 

T. 

0 

g 

0 

i 

a 

B 

■ 

£ 

5 

;-' 

4 

f 

o 

■ 

4 

I 

>. 

6 
■~ 

r. 

09 

u 

"3 

p 

* 

h 

*3 

- 
1 

3 

3 

« 

2 

■ 

■ 

B 

© 

i 

z 

fl 

gj 

Stu 

"fl 
jj 

1 

Fin 

3 

m 

o 
~, 

1 
£ 

Fin 

g 

Moi 

P.ct. 

P.ct. 

P.  eft 

p.eft 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.  eft 

P.ct. 

P.  ct. 

Pl;it  2a 

11. 97 

70.98 

8.09 

17  05 

5.90 

74.29 



19. 88 

2.99 

74,09 

92.99 

Plat  2b  

11.61 

lis  90 

 =-T7= 

.03 

19.  40 



9.85 

72. 04 

17  51 

3.  52 

77.  53 

18. 95 

: — :  7 

Plat  ■! 

10.76 

78  54 

.01 

18.09 

- 

5-fJ 

74  40 

17  52 

.56 

77  74 



"1  7o 

Plat  4  

lo.  84 

73.  so 

18.00 

7.3. 

7:1. 00 

19.  Oil 

1.00 

70.  27 



92. 07 

Plat  .  >a  V)  . .  . . 

1&  15 

70.  so 

Voi" 

15  Its 

1  H 

75.  :$2 

0.01 

1^  25 

5.  71 

75  05 



19.21 

i  *i  ii  t  I*.*]  \  i 

i  iai  i>au  .  

12.81 

ti  oo 

.01 

10.09 

2. 87 

7  s. 07 

19  96 

4.  12 

7ti.  78 



19  10 

12. 11 

71.24 

.01 

10  94 

5  :i\ 

76  »'.• 

18  is 

2  74 

78. 3i 

I  S  .  97 

US  87 

.01 

Hi.  31 

15  31 

rts  iki 

10.00 

13.  12 

is  :ct 

12, 2s 

71.25 

.48 

10.  40 

.",  71 

70  44 



17.  si 

.61 

77  49 





L'l  90 

Plat  9b  

11.28 

72.  44 

.01 

10.89 

11  13 



15  10 

B  98 

73.  20 

10.  51 

Plat  10a  

13.  so 

70.27 

US  H 

r*  i,7 

»  94 

19  79 

1  99 

74  .99 

25.  42 

Plat  1Mb  .... 

1_.  1  4 

~i  i'ji 

l<i  -•> 

•i  i 't 

71  95 

1(1  M 

•>  ^ 

74.08 

22  88 

Plat  llab  

14. 40 

159.59 

10.01 

u  n 

94.20 

18.09 

119.  7ti 

90  59 

Plat  12ah   

14.  :u 

89  11 

10  19 

s  97 

70.  17 

21  59 

8.20 

71.08 

99  99 

Plat  13ab  

If.  97 

09.  .")2 

"m 

10  M 

17  9J 

9107 

IS  44 

0. 21 

73  19 

90  t  in 

Plat  14ab  

12.81 

70.89 

10  99 

b  n 

•is  94 

a.  94 

9.71 

i;s  it; 

21  S3 

Plat  15ab  

14 .81 

"  oi 

It;  i»i 

1 1  SS 

98  74 

21  88 

3.  11 

72  2s 

24.01 

Plat  lOnh  ... 

19  59 

70.81 

1.;  17 

;  no 

99.91 

22. 19 

10.99 

97.  77 

21  95 

Plat 17ab   

14.20 

70.98 

'  Vol 

l.V  47 

18.94 

98  09 

*V6i" 

19.4.' 

1.09 

74  17 

21  14 

Plat  lsab  

14.01 

70  42 

.01 

IS  BO 

H.  Hi 

99.90 

92.00 

»  m 

72.  54 

23  119 

Plat  19 

14.07 

70.40 

.01 

15  53 

5.64 

74.  2H 



90.08 

4.91 

70.  14 

24.95 

Average,  e  x  - 
elndug  plats 

li  and  2b  

ML  01 

70  92 

.01 

16  05 

9  oo 

IL08 

.01 

19.28 

5.  Is 

78.89 



21.49 

Fourth  9  inc  hes. 

Fifth  9  inches. 

vSixth  9  inches 

0 

jta.etc. 

a 
4 

5ts.etc. 

4 

0 

03 

1 

! 

1 

0 

V 

9 

o 

X 

I 

0 

3 

1 

ft 

d 

t 

o 
*j 

>> 

i 

O 
*■> 

>, 
E 

6 

i 

E 

I 

L 

3 

6 

r. 

L 

9 

p 

s 

8 

-3 

3 

"5 

3 

■ 

j 

9 

A 

r 

o 
P 

3 

1 

91 

I 

stu 

1 

0 

3 

E 

r. 

O 

P.cf. 

P  eft 

P.  eft 

P.  ct. 

P.r/ 

Re*. 

P.ct. 

P.C* 

P.  eft 

P.  eft. 

P.ct. 

P.ct. 

Plat  5ab  

o.  18 

77.97 

22.  is 

a  96 

79  88 

3>  72 

3.00 

75  28 

21  72 

Plat  tiab  

L.89 

SO.  72 

17!Mi 

.35 

so  so 

1-  95 

44 

so.  9:5 

is!  09 

Plat  Tab  

4.77 

77.11 

IS.  12 

13.  40 

99. 59 

111  95 

17.00 

tit;.  92 

10.08 

Plat  sab  

ti.  :>ii 

73 .91 

19.59 

.70 

79.  94 

19.30 

14.98 

09.  84 

15  18 

Plat  llab  

7.28 

n.89 

91.98 

5.75 

72. 87 

21.3S 

12  16 

68. 79 

19  05 

Plat  12al.  

2.11 

70.00 

91.89 

3.  20 

75.  80 

21  05 

in  09 

70.06 

19.24 

Plat  Laab  

4. 18 

74.00 

91.81 

1.41 

78.64 

19.95 

2. 98 

74.  S2 

22  20 

Plat  Hab  

5.74 

7:..  78 

1S.4S 

.67 

70.  48 

22. 85 

1.00 

75. 99 

28  79 

Plat  15ab  

3  90 

73.  S9 

99. 15 

.27 

77.49 

22.  24 

.47 

79.  59 

20.00 

Plat  16ab  

19.86 

59.  19 

90.64 

1.99 

72.18 

35.60 

8. 24 

72.  19 

24.68 

Plat 17ab   

ti.  29 

71.87 

21.84 

0.17 

09. 51 

24.32 

8.01 

07.04 

24.15 

Plat  18ab  

10.  41 

6S.  55 

SH.04 

22.  89 

59.01 

17.50 

.41 

70.  45 

33.14 

Average  

6.05 

73.118 

20.57 

4.76" 

74.26 

20.98 

6. 15 

73.20 

3).  65 

9385— No.  106— 02  2 
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INVESTIGATIONS  ON  ROTHAMSTED  SOILS. 
Table  4. — Broadbalk  wheat  soils,  etc. — Continued. 


Seventh 

)  inches. 

Eighth  9 

inches. 

e 

03 

3ts,  etc. 

a 

)ts,etc. 

CD 

'o 

c 

O 

'o 

a 

X 

u 

ture. 

0 

tn 

g 

1  sto 

dry- 

6 

1  sto 

dry 

turo 

$ 

CD 

CO 

cS 

CD 

CO 

Tot 

Fin 

Stu 

Moi 

Tot 

Fin 

CO 

Moi 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

P.ct. 

1.44 

74. 18 

24.38 

2.72 

74.40 

22.88 

Plat  Gab   

13. 75 

70.28 

15.97 

13.  59 

75.36 

11.06 

Plat  Tab  

.55 

82. 07 

17.38 

1.79 

78.73 

19.48 

77.  78 

17.03 

4.15 

78.37 

17.48 

Plat llab 

12.  92 

70. 31 

...... 

16.77 

8.31 

73.84 

17.85 

Plat  12ab   — -  

15. 62 

66.17 

18.21 

21.95 

56.63 

21.42 

Plat 13ab   

3.43 

70.  75 

25.82 

1.99 

73.82 

24.19 

Plat  14ab  

3. 64 

73.51 

22.85 

3.47 

72. 95 

23. 58 

Plat  15ab  -  

10. 63 

72.39 

16.98 

7.43 

75. 66 

16. 91 

Plat  16ab  -.- 

1.97 

74. 17 

23. 86 

2.32 

72.50 

25.18 

Plat  17ab  

19.77 

59. 35 

20.88 

4.91 

74.81 

20.28 

4.93 

76.11 

18.96 

.87 

80. 81 

18.32 

Average  

7.82 

72.26 

19.92 

6.12 

73. 99 

19.89 

Plat  5ab 
Plat  6ab 
Plat  7ab 
Plat  8ab 


Average 


a  Stones  retained  by  i-inch  sieve.    The  fine  dry  soil  includes  stones  passing  through  ±-inch 

sieve. 


Table  4  gives  like  results  for  the  much  more  complete  set  of  samples 
drawn  in  1893.  In  that  yea"r  the  sampling  was  not  confined  to  27 
inches,  but  was  carried  down  in  a  great  man}^  cases — in  successive 
depths  of  !)  inches — to  72  inches  or  6  feet,  while  in  the  case  of  4  plats 
a  depth  of  90  inches  or  7^  feet  was  reached.  And  here  I  must  make 
a  public  confession.  During  the  sampling  of  1893,  Sir  Henry  Gilbert 
was  here  in  America  lecturing,  and  Sir  John  Lawes  was  superintend- 
ing the  work  of  sampling  at  Rothamsted.  I  happened  to  go  to  see 
him  while  the  pits  excavated  for  sampling  the  wheat  plats  were  open, 
the  full  depth  of  90  inches  having  been  reached  only  in  four  cases. 
I  was  much  interested  in  the  sampling,  as  a  set,  of  the  samples  was 
promised  to  me  for  investigation  in  regard  to  the  phosphoric  acid 
and  potash  constituents,  by  a  process  which  I  had  then  recently 
applied,  with  very  interesting  results,  to  the  examination  of  the  bar- 


Ninth  9  inches. 


Tenth  9  inches. 


P.ct. 
3.98 
3.17 
3.05 
.77 

2.  74 


P.ct. 
72. 81 
82.  26 
77.73 
82. 51 


P.ct. 


P.ct. 
23. 21 
14. 57 
19. 22 
16.72 


P.ct. 

12. 34 
3.19 
4.47 
.10 


78. 83 


18.43 


P.  ct.   P.  ct. 

67.33   

79.68   

77.44   

84.79  |  

77.31_   


P.  ct. 
20.33 
17.13 
18  09 
15.11 


17.66 
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ley  soils  in  Hons  field.  I  was  much  struct  with  the  great  variations 
shown  by  the  subsoils  of  tin*  wheat  plats  in  their  lowermost  depths. 
The  lower  subsoils,  at  corresponding  depths,  were  in  some  cases 
mere  chalk,  in  others  mixtures  of  clay  and  chalk,  and  in  Others  of 
chalk,  clay,  and  gravel;  and  this  lack  of  any  kind  of  apparent  uni- 
formity ><>  low  down  made  it  obvious  that  the  lower  samples  were 
likely  to  be  of  very  little  value  for  the  purpose  of  comparison  of 
their  fixed  mineral  contents  or  of  their  organic  nitrogen.  My  mind 
was  probably  mainly  concentrated  upon  the  phosphoric  acid  and  pot- 
ash problems  which  I  was  myself  about  to  be  allowed  to  investi- 
gate, and  it  appeared  to  me  that  from  thai  point  of  view  there  was 
not  much  interest  in  the  samples  below  the  second  or  third  depth. 
Sir  John  Lawes  pointed  out  that  this  would  not  apply  in  anything 

kike  the  same  degree  to  diffusible  constituents,  e.  g.,  nitrates.  It 
appeared  to  me,  however,  to  be  very  unlikely  that  even  the  migratory 
constituents  would  present  much  interest  al  a  depth  of  71  feet,  for  at 
thai  depth,  01  even  considerably  short  of  it,  it  seemed  natural  to  sup- 
pose that  the  subsoil  contents  washed  down  from  the  surface  would 

have  not  merely  descended,  but  would  have  also  diffused  laterally  to 
such  an  increasing  extent  that  the  subsoils  would  surely  have  their 
proper  soluble  contents  merged  into  one  another;  for  the  wheat  plats, 
although  something  like  half  an  acre  in  area,  are  arranged  in  long 
strips  parallel  to  one  another,  and  not  in  squares.    This  view  I  was 

rash  enough  to  express  pretty  confidently,  witli  the  result  that  Sir 
John  Lawes —who,  I  believe,  inwardly  felt  a  like  conviction — decided 
not  to  spend  further  time  and  labor  incompleting  the  sampling  of  the 
deeper  subsoils,  especially  as  the  season  was  getting  late  and  he  was 
anxious  to  get  the  wheat  sown.  Now  it  happens  that  my  view  as  to 
the  lateral  diffusibility  of  the  nitrates,  even  at  so  great  a  depth  as  7  A 
feet,  was  incorrect,  their  downward  settlement  being  much  more  ver- 
tical than  I  had  anticipated;  and  the  results  of  subsequent  analyses 
of  even  the  deepest  subsoils  by  sir  Henry  Gilbert  were  such  as  to 
make  it  a  matter  of  regret  that  the  original  plan  of  sampling  to  90 
inches  throughout  the  whole  series  of  plats  was  not  carried  out.  But 
for  my  unlucky  visit,  Sir  John — even,  perhaps,  a  little  in  the  face  of 
his  own  inclinat  ion  -would  have  completed  the  sampling  plan  that  he 
had  prearranged  with  Sir  Henry  Gilbert,  who,  I  am  afraid,  does  not  to 
this  day  quite  forgive  me.  I  now  publicly  express  my  sorrow  for  the 
gaps  which,  through  my  fault,  will  be  found  in  certain  interesting 
tables  which  we  shall  have  to  deal  with  by-and-by. 
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Table  5. — Broadbalk  wheat  soils  sampled  in  October,  1865;  October,  18S1,  and 
October,  1893 — Percentages  of  stones,  fine  dry  soil,  stubble  and  roots,  etc.,  and 
moisture  in  soils  as  sampled. 

SUMMARY,  EXCLUDING  DUNGED  PLATS. 


Depth. 

Number 
of  plats. 

Total 

stones,  a 

Fine  dry 
soil. 

Stubble, 
roots, 
etc. 

Mois- 
ture. 

Samples  collected  October  2-9, 1865: 

First  9  inches  

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

in 

16. 16 

73.  78 

0.05 

9.01 

Second  9  inches  -  

10 

11.03 

72.68 



16.29 

Third  9  inches.  

10 

6.34 

75. 57 

18.09 

©ampies  coiiecteu.  v^clouoi  iu-io,  ±001. 

19 

14. 77 

68.89 

.03 

16.31 

19 

8.98 

71.54 

.01 

19.47 

Third  9  inches   

19 

5.24 

72.77 

.01 

21.98 

Samples  collected  October  13-21, 1893: 

19 

13.02 

70.92 

.01 

16.05 

19 

9. 66 

71.05 

.01 

19.28 

19 

5.18 

73.33 
73.38 

21.49 

12 

6.05 

20.57 

Fifth  9  inches  

12 

4.76 

74.26 

20.98 

Sixth  9  inches  -  

12 
12 
12 
4 
4 

6. 15 
7. 82 
6.12 
2.74 
5.03 

73.20 
72.26 
73.99 
78.83 
77.31 

20.65 
19.92 
19.89 
18.43 
17.66 

Seventh  9  inches  

Eighth  9  inches  

Ninth  9  inches  

Tenth  9  inches  

a  Stones  retained  by  i-inch  sieve.  The  tine  dry  soil  includes  stones  passing  through  i-inch 
sieve. 


The  short  summary  given  in  Table  5,  especially  in  the  1893  division, 
shows  at  a  glance  the  average  composition  of  all  the  plats,  excluding 
the  dunged  plats,  at  the  various  depths.  There  is  a  general  though 
not  uniform  decline  in  the  proportion  of  stones  as  we  go  deeper, 
and,  of  course,  a  corresponding  increase  in  fine  soil,  together  with 
a  general  increase  downward  in  the  moisture  retained  by  the  soil, 
though  in  the  last  depths  there  is  a  decrease.  The  variations  are, 
for  a  considerable  depth,  due,  no  doubt,  mainly  to  the  causes  of 
weather,  vegetation,  etc.,  already  alluded  to,  but  in  the  lower  depths 
the  varying  proximity  of  the  underlying  chalk  must  to  some  extent 
afford  a  varying  facilitation  for  the  passage  away  of  drainage  water. 
Tims  far  for  the  mere  percentage  mechanical  composition  of  the  soil, 
based  upon  the  arbitrary  division  into  stones  retained  by  a  one-fourth- 
[neh  sieve  and  fine  soil. 

We  have  now  to  go  into  the  very  important  question  of  the  weights 
per  acre  represented  by  the  samples  taken  in  various  years  from  the 
various  plats  and  at  various  depths.  The  whole  of  the  figures  relat- 
ing to  the  great  number  of  samples  taken  need  not  be  given,  nor 
would  their  record  serve  any  useful  purpose,  but  it  appears  important 
to  give  a  resume  of  the  hitherto  unpublished  data  on  which  are  based 
the  acreage  weights  now  adopted  at  Rothamsted,  and  Sir  Henry  Gil- 
bert lias  very  kindly  furnished  me  with  such  a  resume. 

The  methods  of  sampling  and  weighing  and  of  sifting  and  dividing 
the  samples  into  stones  and  fine  soil  have  already  been  described. 
In  comparing  the  results  obtained  in  the  18G5  and  1881  samples  ii  was 
noticed  many  years  ago  that  the  1805  samples  representing  the  first,  0 
inches  were  approximately  one-tenth  lighter  in  weight  than  those  of 
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lssi.  After  a  careful  study  at  t  he  time  it  was  considered  by  Sir  John 
Lawes  and  Sir  Henry  (Gilbert  that  the  lighter  weights  of  18»>5  were 
more  probably  correctly  representative  of  the  first  9  inches,  and  that 
the  1881  samples  had  included,  in  the  actual  9  inches  taken,  more 
than  the  first  9  normal  inches  of  soil ;  in  fact,  that  the  quant ity  taken 
on  the  original  weight  represented  more  nearly  10  inches  of  real  depth 
than  9  inches,  or  that  it  included  about  1  inch  too  much  of  subsoil. 
Accordingly,  after  analysis  of  the  soils,  the  estimates  per  acre  of  the 
nitrogen,  for  example,  in  the  1  SSI  samples,  were  calculated  on  the 
assumption  that  the  weights  should  have  been  approximately  one- 
tenth  Less,  a  deduct  ion  of  one-tenth  being  made  from  the  originally 
indicated  acreage  weight  of  the  soil,  lint  more  recently,  when  the 
weights  of  the  1  S9:j  samples  were  available  for  comparison,  it  was  found 
that  the  average  weights  of  the  1SS1  and  IS!*:}  samples  of  the  first  9 
inches  agreed,  both  being  very  sensibly  above  those  of  1865.  A  care- 
ful study  of  the  climatic  features  of  the  three  individual  seasons, 
both  before  and  after  t he  removal  of  their  respective  crops,  and  of 
the  probable  condition  of  the  land  as  affected  thereby,  together  with 
the  notes  that  had  been  kept  relating  to  the  mechanical  operations  to 
which  the  land  had  been  subjected,  led  to  the  conclusion  that  in  1865 
the  surface  soil  was  in  a  lighter  condition  than  in  either  1SS1  or  1S93, 
and  that  probably  the  weights  were  more  normal  in  the  two  later 
years.  After  much  tabulation  and  much  thought  and  calculation  as 
to  the  effects  of  assimilating  the  weights  of  1S65  with  those  of  1881 
and  lsiii),  it  was  found  that  no  inconsistency  was  introduced  and  that 
the  truth  was  more  probably  arrived  at  by  correcting,  on  this  assump- 
tion, the  est  imates  derived  from  the  weights  of  ISO')  t lian  by  altering, 
as  had  previously  been  done,  the  estimates  for  1881.  As  regarded  the 
subsoils,  there  seemed  to  be  litt  le  reason  for  supposing  t  hat  the  weights 
would  materially  alter  from  period  to  period,  and.  after  careful  corre- 
lation of  all  the  details,  it  was  decided  to  take  a  fixed  weight  of  fine, 
dry  soil  for  each  depth  at -each  of  the  three  periods,  this  being  found 
by  taking  the  mean  of  all  the  determinations  in  the  three  or  the  two 
years,  as  the  case  might  be. 

There  were  considerable  variations  in  the  weights  of  fine,  dry  soil 
in  the  samples  from  the  different  plats  in  one  and  the  same  year, 
which  were  largely  attributable  to  the  varying  amounts  of  stones; 
but  comparing  the  averages  for  all  the  plats  of  one  year  with  those  of 
the  others  the  differences  were  comparatively  immaterial. 

Except,  therefore,  in  the  case  of  the  plats  receiving  large  quantities 
of  organic  matter,  such  as  farmyard  manure  or  rape  cake,  there  has 
DOW  been  adopted,  for  the  three  years,  a  uniform  average  weight  of 
fine  dry  soil  for  the  first  9  inches,  and  also  a  uniform  weight  per  acre 
of  fine  dry  soil  for  each  depth  below  the  first  9  inches,  including,  in 
1  he  case  of  the  subsoils,  those  of  the  dung  and  rape-cake  plats.  As  the 
estimates  of  weight  of  soil  per  acre  now  adopted  will  continue  to  be 
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used  at  Rothamsted  until  any  further  experience  indicates  the  pro- 
priety of  &ny  modifications,  it  is  desirable  that  the  data  from  which 
these  estimates  are  derived  should  be  published  for  future  reference, 
and  they  are  therefore  embodied  in  the  following-  table: 

Table  Q.—Broadbalk  wheat  soils — Resume  of  data  and  weights  of  fine  dry  soil 
per  acre  adopted  for  all  plats  sampled,  and  for  all  depths  taken  in  1865, 1881,  and 
1893  {excepting  for  the  first  9  inches  of  plats  :2a,  2b,  and  19,  for  which  see  separate 
table). 

[It  will  be  seen  that  in  the  case  of  the  first  depth  the  results  for  plat  2  and  1!)  are  not  brought 
in  in  taking  the  average  for  the  other  plats,  but  that  for  each  depth  below  the  first  the  results 
for  plats  2  and  19  are  brought  in.  and  that  a  uniform  weight  is  adopted  for  each  depth  for  each 
of  the  three  years,  1865,  1881,  and  1893.] 


Year. 

|  Number  of  plats. 

Number  of  samples. 

Stones  retained  by 
|-inch  sieve. 

Average  weight  per  acre. 

Fine  soil  (dry) 
passing  i-inch 
sieve. 

Total  fine  dry 
soil  and  stones. 

6 

■ 
"8 

Total    soil  as 
sampled  in  the 
field. 

First  9  inches: 

All  plats  sampled,  exclud- 
ing plat  2— 

Actual  

Adopted  

/  11  plats  sampled,  excluding 
2  and  19  

Average,  1881  and  1893  . 

Second  9  inches: 

All  plats  sampled,  exclud- 
ing 2  and  19  

Average,  1881  and  1893 

All  plats  sampled,  including 
2  and  19 

All  plats,  including  2  and  19  . . 
Do  

Average,  1865, 1881,  and 
1893  

jl865 

10 

/  80 

\m 

Pounds. 
534, 971 
523,549 

Pounds. 
2,297,896 
2,592,621 

Pounds. 
2,832,867 
3, 116.170 

Pounds. 
280,924 
601,564 

Pounds 
3,115,221 
3, 718,565 

J 1881 
\1893 

J108 
\  66 

547, 749 
483,950 

2, 557, 170 
2, 650, 631 

o,  104,  919 
3,134.581 

602,073 
600, 731 

3, 708, 177 
3, 735, 563 

174 

523,549 

2,592,621 

3, 116. 170 

601,564 

3,718,565 

J1881 
\1893 

18 
18 

108 
66 

338,252 
357,278 

2, 708, 505 
%  567, 100 

3,046.757 
2,924.378 

737, 601 
695. 430 

3. 784, 632 
3,619,879 

174 

345,469 

2,654.869 

3,000,338 

721.605 

3, 722, 139 

J 1881 
\1893 

"go" 

21 

I26" 

77 

347, 510 
343,067 

2, 706.473 
2,579,859 

3,053, 983 
2,922,926 

7.33,232 
691,659 

3, 787,500 
3, 617,652 

197 

345, 773 

2,656,984 

3,002.757 

718, 155 

3, 721,113 

1865 
1881 
1893 

~VL 
20 
21 

88 
120 
77 

410, 015 
347,510 
343,067 

2, 703.417 
2, 706. 473 
2,579,859 

3,113,432 
3,053,983 
2, 922, 926 

590, 189 
733.232 
694, 659 

3, 703, 714 
3,787,500 
3,617,652 

3, 715, 740 

285 

365,609 

2,671,321 

3,036.930 

678,643 

Third  9  inches: 

All  plats  sampled,  exclud- 

Average,  1881  and  1893. 
All  plats,  including  2  and  19  . . 

/1881 
\1893 

18 
18 

108 
66 

194,415 
196, 121 

2, 763, 164 
2, 777, 540 

2,957,579 
2,973,661 

832, 173 
803, 147 

3,790,004 
3, 776,839 

174 

195, 062 

2, 768,617 

2, 963,679 

821.163 

3, 785,010 

J1881 
\1893 

20 
21 

120 
77 

205,828 
188, 555 

2, 750, 600 
2,780,895 

2,956. 428 
2,969,450 

8->\S3l 
807,363 

3, 785,506 
3, 776,842 

197 

199,077 

2,762,441 

2.961,518 

820,440 

3,  782, 120 

All  plats  sampled,  including  2 
All  jdats,  Including  2  and  19 

Average,  1866,  1881,  and 
1893  

1865 
1881 
1893 

11 

20 
21 

88 
120 
77 

243,973 
306,828 
188,555 

2,856,554 
2,750,600 
2, 780, 895 

3,100,527 
2,956,428 
2,969,450 

684,955 
828,831 
807,363 

3,785,513 
3, 785,506 
3,776,842 

285 

212,93? 

2,791,501 

3,(K)4,440 

778,606 

3,;  S3, 167 
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Table  6. — RroadbdOt  wheat  soils,  etc. — Continued. 

SUMMARY  OF  ADOPTED  WEIGHTS,  ETC. 
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Average  of— 

108  samples  in  lxsl  and 
66  in  1893   

88  samples  in  1805.  120 
in  Issl.  and  77  in  1803 

Do  

All  -vtmpl.-s  in  ls;i:$  

Do  

Do  

Do  

Mean  <>f  nth  and  Ml)  depths 

(adopted  i  —  

All  samples  in  1803  

Do  

Do  


First 

|  Second  . 
Third 
Fourth 
Fifth 
Sixth 
S.-v.-nt  h 


Eighth 

Ninth 

T-nth 


174 


Average  weight  per  acre. 


Stones  retained 
i-ineh  sieve. 

s| 

S  ;* 

7  7  - 
x  > 

- 

~  -  /. 

Total   fine,  dry 
soil  and  itonec 

Moisture. 

Total   soil  as 
sampled  in  the 
field. 

Foil, Ills. 

1 'nun  lis. 

Pounds. 

Pounds. 

Pounds. 

802,640 

8,08,023 

3.116.170 

601.564 

3,718,565 

365. 6iio 
812,  030 
828,690 
W..  IflS 

237.76.-, 
2os.34i 

8,071,821 
2,701,601 
2. 788, 486 
8,  966,648 
i  336,  900 
7 4f,. 

:;.n:,i;.'.Oi 
3.U4.440 
8,012,  IT.'. 
8,062,041 
3.074.655 
3.044.660 

878, 048 
778.608 
778,  186 
807. 104 
797.  53". 
752.  »:i4 

3.715.740 
3. 788  167 
3. 700,628 
3,  960.  144 
3.S72.  ISO 

8,707,004 

808,842 
102,066 

too,ou 

8,898,508 
8,  MM  308 
8,008, 
8,001,766 

8,001,442 
3. 108,228 
•i.  106, 184 
3. 102,670 

781.712 

706  BOB 
700,  142 

083.  1  It) 

3.873.1.54 
3.S74.118 
3,807,076 
3.S75.S1M 

Iii  the  case  of  the  plats  receiving  annually  large  quantities  of 
Organic  mEtter  in  1 1 1  *  *  form  of  dung  or  rape  cake  th<>  soil  necessarily 
becomes  more  bulky  or  porous  and  absorbent,  and  therefore  lighter 
as  regards  the  surface  soil.  Table  6  shows  the  determined  weights  of 
the  dunged  plats,  -a  and  l'1>,  and  of  the  rape-cake  plat  at  different 
periods,  and  also  their  calculated  weights  based  on  the  assumption  of 
an  average  yearly  decrease  in  weight  corresponding  t<>  increment  of 
organic  matter.  I'lat  2a,  it  will  be  remembered,  has  received  11  tons 
of  farmyard  manure  every  year  since  1  ss J  -that  is  to  say,  for  only 
nine  years  previously  to  the  L893  sampling — while  plat  2b had  received 
14  tons  of  farmyard  manure  every  year  for  fifty  years.  Plat  19  has 
for  many  years  received  about  In*  hundredweight  of  ground  rape  cake 
per  annum. 
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Table  7. — Broadbalk  wheat  soils,  actual  and  calculated  weights  per  acre  of  fine 
dry  soil,  of  plats  2a,  2b,  and  19,  at  different  depths  (first  9  incites). 


Year  of  sampling. 

Actual 
weight  of 
fine  dry  soil 
per  acre. 

A  QC11  TV*  1  Tl  Ct 
A  o  o  LI  1JJ.  x  LI  g 

2,592.621 
pounds  in 
1884  for  2a. 
and  in  1843 
for  2b,  and  in 
1878  for  19  (as 
adopted  for 
all  dates  for 
all  plats  ex- 
cept 2  and 
19). 

Number  of 
years  be- 
tween 
starting 
point  and 
each  sam- 
pling. 

Reduction 
of  weight, 
if  at  same 
rate  per 
annum. 

Vv<*lL>  UIB  Ltr^l 

weight  of 
fine  dry  soil 
per  acre  at 
each  date 
(starting- 
point  weight 
less  assumed 
reduction 
oyer  succes- 
sive peri- 
ods). 

Actual 
(+  or—) 
calculated 

weight. 

Plat  2a: 

1843   

Pounds. 
(a) 
2,510,185 

Pounds. 
2,592,621 
2,510, 185 

82,436 

9,160 

2,592,621 

2,333,891 
258, 730 
5, 174. 6 
2,592,621 

Years. 

Pounds. 

Pounds. 

Pounds. 

1893  

Difference    in  9 
years   

Difference  per  an- 
num  

Plat  2b: 

1843  

(a) 
62,430,363 
2,456,509 
2,333,891 

2,592,621 
2,478,780 
2,395.980 
2,333,891 

1865    

1881  

1893   

22 
38 
50 

113, 841 
196,635 
258,730 

-58,417 
+60,523 

Difference   in  50 
years   

Difference  per  an- 
num    

Plat  19: 

18786  

(a) 
2,462,780 
2,579,942 

1881c  

3 
15 

2.536 
12,679 

2,590,085 
2,579,942 

1893   

2,579,942 
12,679 
845.3 

Difference  in  15 
years  

Difference  per  an- 
num   

a  Not  sampled. 

6  All  1865  first  9  inches  assumed  to  be  one-ninth  too  low;  hence  actual  weight,  2,178,327  pounds,  + 
one-ninth  (242,036  pounds)  =  2,420,363  pounds,  assumed  corrected  weight. 

cl878,  the  commencement  of  a  large  increase  in  the  amount  of  rape  cake  applied  per  annum  is 
adopted  as  the  starting  point  in  this  case. 

The  following  table  (Table  8),  abstracted  from  the  foregoing  tables, 
gives  at  a  glance  the  final  adopted  weights : 

Table  8. — Weights  per  acre  of  fine  dry  soil  adopted  for  the  Broadbalk  wheat  plats. 

[Extracted  from  Tables  6  and  7.] 

First  9  inches:  Pounds. 
For  all  plats,  excepting  2a,  2b,  and  19  for  each  year, 

1865, 1881 ,  and  1893.     2,  592, 621 

For  plat  2a  in  1893     2, 510, 185 

For  plat  2b  in  1865   2, 478,  780 

For  plat  2b  in  1881 .. .      2,395,986 

For  plat  2b  in  1893     2, 333, 891 

For  plat  19  in  1893    2, 579, 942 

Second  9  inches: 

For  all  plats  in  each  year     2, 671, 321 

Third  0  inches: 

For  all  plats  in  each  year   2, 791.  501 

Lower  depths,  for  all  plats: 

Fourth  9  inches  _     2,  783,  485 

Fifth  9  inches  ...     2, 865,  549 

Sixth  9  inches     2, 836, 890 

Seventh  9  inches    2, 852,  599 

Eighth  9  inches    2,  868, 308 

Ninth  9  inches   3,003,479 

Tenth  9  inches  '   3,001,755 
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SAMPLES  TAKEN  IN  1893. 

These  samples,  you  may  be  reminded,  wciv  drawn  at  the  close  of 
the  fiftieth  experimental  year  of  continuous wheat  growing  on  the 
same  series  of  plats.  As  the  results  of  the  examination  of  this  series 
of  samples  are  sew,  and  as  they  possess,  od  account  of  the  greater 
age  of  the  experiments,  more  interest  than  the  earlier  samples,  they 
may  be  allowed  to  have  the  first  claim  on  our  attention.  They  will 
subsequently  be  considered  in  relation  to  those  of  the  earlier  samples. 

TOTAL  NITROGEN  AND  ORGANIC  CARBON  (GENERAL  DISCUSSION 
AND  FULL  STATEMENT  OF  ANALYTICAL  RESULTS). 

The  most  Important  element  in  the  soil,  because  the  most  expensive 
one  to  supply,  and  therefore  the  one  we  are  most  anxious  to  conserve, 
is  the  nitrogen.  We  will,  therefore,  consider  in  the  first  place  the 
results  of  the  determinations  of  nitrogen  in  the  samples  representing 
the  soils  and  subsoils  of  the  various  plats. 

It  is  here  necessary  to  explain  to  those  who  are  not  practical  chem- 
ists that  there  are  two  methods  in  general  use  for  the  determination 
of  nitrogen  in  such  bodies  as  soil.  .Much  the  older,  and  formerly  the 
almost  universally  adopted,  method  was  that  known  as  the  soda-lime 
combustion  method.  All  the  earlier  determinations  at  Rothamsted 
were  made  by  t  his  method  of  analysis,    in  the  last  few  years  another 

method,  one  of  •'moist  combustion"  in  boiling  sulphuric  acid,  has 
arisen,  known,  from  the  oameof  its  inventor,  as  the  Kjeldahl  method. 
For  practical  commercial  purposes,  such  as  the  examination  of 
manures,  where  accuracy  in  small  decimal  percentage  places  is  not 
sought,  both  methods  give  substantially  the  same  results.  It  is.  how- 
ever, now  largely  conceded  thai  the  Kjeldahl  process,  properly  modi- 
fied, is  the  more  trustworthy ;  and,  from  Its  cleanliness,  convenience, 
and  simplicity,  it  has  in  K upland  and  in  Germany  now  practically 
supplanted  the  soda-lime  method,  and,  I  understand,  has  also  to  a 
large  extent  done  so  in  America,  although  I  believe  your  chemists 
still  recognize  the  soda-lime  method  as  an  alternative  official  process. 

The  1893  wheat-soil  samples  have  all  been  examined  by  both  proc- 
esses, and  as  there  is  throughout  a  slight  difference  in  the  results, 
it  is  considered  important  that  both  should  be  recorded,  for  although*, 
as  will  presently  appear,  it  is  desirable  to  accept  the  Kjeldahl  results 
as  the  more  satisfactory,  it  is,  on  the  other  hand,  important  to  pre- 
serve the  soda-lime  results  for  comparison  with  those  of  the  analyses 
of  the  earlier  series  of  samples,  which  were  made  by  the  soda-lime 
method.  It  is.  moreover,  interesting  to  those  who  are  practical  ami- 
cultural  chemists  to  see  the  nature  and  range  of  the  variations 
between  the  two  sets  of  results.  These  are  set  out  in  Table  9.  The 
nitric  nitrogen  is  also  added  separately. 
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Table  9. — Broadbalk  wheat  soils,  sampled  in  October,  1893 — Percentage  of  nitro- 
gen in  fine  dry  soil,  as  determined,  respectively,  by  the  soda-lime  method  and  by 
the  Kjeldahl  method:  also  the  percentage  of  "nitric"'  nitrogen  (nitrogen  existing 
in  the  form  of  nitrates). 


Plat  2a...  

Plat  8b  

Plat  3  

Plat  4   

Plat  5..-.  

PlatG....  - 

Plat  7  

Plat  8....  

Plat  9a   

Plat  9b  ■ 

Plat  10a..  

Plat  10b  

Plat  11     

Plat  12...  

Plat  13  

Plat  14  

Plat  15  

Plat  It}  

Plat  17..  

Plat  18  

Plat  19  

Average,  exclud- 
ing 2a  and  2b ... 
Average,  all  plats 


First  9  inches. 


Total  nitrogen. 


By  sod  a- 
lime. 


Per  cent, 
0. 1520 
.2132 
.0940 
.0906 
.0971 
.1076 
.1146 
.1167 
.1116 
.  1058 
.  1002 
.  1029 
.1119 
.1110 
.1088 
.1204 
.1188 
.1110 
.1117 
.1204 
.1309 


By  Kjel- 
dahl. 


1098 
1167 


Pei  cent. 
0. 1628 
.2207 
.(1992 
.  0982 
.1013 
.1107 
1222 
.'  1188 
.1189 
.  1094 
.1069 
.1064 
.1131 
.1194 
.1162 
.  1250 
.1234 
.1177 
.1174 
.  1232 
.1348 


Kjeldahl 

(  +  )  or 
(  — )  soda- 
lime. 


'  Nitric 1 
nitro- 
gen. 


Per  cent, 
+0.0108 
+  .0075 
+  .0052 
+  .0076 
+  .0042 
+  .0031 
+  .0076 
+  .0021 
+  .0073 


+  .0036 
+ 

+ 
+ 
+ 


.1149 
.  1222 


0067 
0035 
0012 
0084 
.  .0074 
+  .0046 
+  .0046 
+  .0067 
+  .0057 
+  .0028 
+  .0039 


+  .0051 
+  .0055 


Per  cent. 
0. 000943 
. 000451 
. 000372 
.000307 
.000406 
.000545 
. 000577 
.000671 
. 000641 
.000428 
.000483 
.000364 
.000450 
. 000546 
.  000537 
.000516 
.000386 
. 000524 
.000470 
. 000449 
. 000855 


.000501 
.000580 


Second  9  inches. 


Total  nitrogen. 


By  soda 
lime. 


Per  cent. 
0.0761 
.0712 
.0696 
.0670 
.0684 
.0671 
.0598 
.0696 
.0765 
.0778 
.0789 
.0765 
.0747 
.0791 
.0686 
.0748 
.0809 
.0708 
.0731 
.0701 
.0776 


.0728 


By  Kjel- 
dahl. 


1730 


Per  cent, 
0. 0811 
.07tt 
.0' 
.0783 
.0739 
.  0720 
.0681 
.0752 
.0849 
.0799 
.0817 
.0820 
.0812 
.0840 
.0757 
.0804 
.0842 
.0783 
.0777 
.0793 
.0794 


Kjeldahl 

(  +  )  or 
(— )  soda- 
lime. 


Per  cent. 
+0.0051 

+  .0055 

+  .0034 

+  .0113 

+  .0055 

+  .0049 

+  .0083 

+  .0056 

+  .0084 

+  .0021 

+  .0028 

+  .0055 

+  .0065 

+  .0049 

+  .0071 

+  .0056 

+  .0033 

+  .0075 

+  .0046 

+  .0092 

+  .0018 


.0784    +  .0056 


Nitric' 
nitro- 
gen. 


Per  cent. 
0.000848 
.  001(598 
.000345 
. 000263 
.000238 
.000477 
.000719 
.001092 
.000720 
.001305 
.000952 
.001088 
.000920 
.000954 
.000979 
.001160 
.000700 
.  001594 
.001037 
.001553 
.000912 


1100931 


Plat  2a  

Plat  2b  _ 

Plat  3   

Plat  4.  

Plat  5  

Plat  6  

Plat  7  

Plat  8  

Plat  9a  

Plat  9b  

Plat  10a  

Plat  10b  

Plat  11  

Plat  12  

Plat  13  

Plat  14  

Plat  15  

Plat  18  

Plat  17  

Plat  18  

Plat  19  

Average,  all  plats 


Third  9  inches. 


Total  nitrogen. 


By  soda-  By  Kjel- 
lime.  dahl. 


Per 

0. 


cent 
0645 
0828 
0594 
0573 
0500 
0558 
0527 
0587 
0609 
0649 
067* 
0082 
0622 
0676 
0566 
0635 
0578 
0806 
061 16 
0606 
0697 


.0613 


Kjeldahl 
(  +  )  or 

(— )  soda- 
lime. 


Per  cent. 
0. 0660 
.  0650 
.0651 
.0644 
.0645 
.  0628 
.0583 
.0630 
.0696 

.0690 

.0706 
,0698 
.0672 
.  0733 
.0850 
.  0650 
.  0693 
.0655 
.0671 
.0863 
.0719 


Per  cent 
+0.0015 

+  .0028 

+  .0057 

+  .0071 

+  .0085 

+  .0070 

+  .0056 

+  .0043 

+  .0087 

+  .0041 

+  .0028 

+  .0014 

+  .0050 

+  .0057 

I  .0084 

+  .0015 

I  .0015 

+  .0049 

+  .0085 

+  .0057 

+  .0022 


Nitric ' 
nitro- 
gen. 


+  .0058 


Per  cent, 
0.000368 
.000439 
. 000098 
.000076 
.000080 
. 000208 
.000306 
. 000312 
.000240 
. 000558 
.000403 
.000501 
.000533 
.000435 
.000338 

 1422 

. 000377 
.000744 

.000306 
.000229 
000508 


,000858 


Fourth  9  inches. 


Total  nitrogen. 

By  soda- 
lime. 

By  Kjel- 
dahl. 

Kjeldahl 

(  +  )  or 
(— )  soda- 
lime. 

"Nitric" 
nitro- 
gen. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

0. 0458 
.  0448 
.0501 
.0567 

0  0524 
.  0469 
.0466 
.  0546 

+0.  0066 
+  .0021 

-  .0035 

-  .0021 

0.000034 
.000107 
.000191 
.000313 

.0138 
.  0569 
.0514 
.0399 
.0390 
0163 
.0468 
.0467 

.0585 
.  0634 
.0528 
.0441 
.0441 
.  0521 
.0497 
.0481 

+  .0147 
+  .0005 
+  .0014 
+  .0042 
+  .0051 
+  .0058 
+  .0029 
+  .0014 

.  000419 
.000268 
.  000168 
.lion:.' 16 
.000284 
.  000468 

; 000103 

.000121 

.0474 

.0511 

+  .0037 

.000223 
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Table  W.—liromUxdk  wheat  soils,  etc. —  Continued. 


Fifth  9  inches. 

Sixth  9  inches. 

Total  nitrogen. 

M  Nitric- 
nitro- 
gen. 

Total  nitrogen. 

"  Nitric'' 
nitro- 
gen. 

By  soda 
lime. 

By  Kjel- 
dahl. 

Kjeldahl 

(+)  or 
(  — 1  soda 

By  soda 
lime. 

Bv  Kjel 
dahl. 

Kjeldahl 

(  +  )  or 
<  — )  soda- 

Plat  :>  

Plat  7  

/'<  /•  i  r  ii  t . 

0.0406 
.MM 
.0425 
.(4>ti 
.(470 
.(►47!) 
.(453 

am 

.(4*4 
.0441 
.(£{46 

Per  cent. 
0.0442 
.0497 
.0468 
(497 
.(491 

.MM 
.0517 
(444 
.045- 

.0543 

(41'.' 

.<£{on 

Per  cen  t . 
Hl.dtfci 

•  .(«£{.-, 
+  0043 

.  IMlS 

■  .000 
+  .0144 

•  .0064 
+  .(J058 

-  1)051 

•  (1)59 

-  .  000H 
+  .0014 

ParcieiiJ 
0.000086 

.000121 

.000162 
.00(r297 
.000800 

1110204 
.00019 
.000218 

...  iv, 

<««r_'7:> 

.000102 

i'i  iu<»7 
.(456 
(CU1 
,(4<I9 
.14(4 
.M18 
.Mil 

(4<»9 

.0297 
.(413 

.(£117 

O.Wl9 
.»463 
.0818 
.09M 
.1414 
(477 
(4ti7 
.0488 
.ieccj 

.(442 
.0413 
.(£{97 

''/uirr2 
•  .0007 

+  .0007 

Peroral. 
0.000086 
.000131 
.000166 
.000888 
.00(477 
.000178 
.000184 
.00(490 
.000168 
.000210 
.000061 
.000068 

PWt  B  

Plat  11..  

Plat  12  

Hint  l't 

Plat  H  

Plat  15  

Plat  16  

Plat  17  

Plat  U  

.0000 
.0000 

•  OOM 
.0060 
+  .0088 
.  mm 
■  .0088 
+  .0079 
+  .0060 

A  Verage.  plat- 

.04.37 

.(472 

+  .0035 

.000174 

.<EW2 

.0430 

+  .0038 

.000144 

Seventh  9  inches. 

Eighth  inches. 

Total  nitrogen. 

'Nitric- 
nitro- 
gen. 

Total  nitrogen. 

••  Nitric" 
nitro- 
gen. 

By  soda 
lime. 

By  Kj.-l 
dahl. 

Kjeldahl 
i  +  'or 

'Soda 

lime. 

By  soda 
lime. 

By  Kiel 
ilahl. 

Kjeldahl 

( +  )  or 

i     <  «-oda 
lime. 

Plat  7   

Plat  B   

Plat  11  

Plat  12  

[Mat  It   

Plat  16   

Plat  17  

Plat  U  

Percent. 
0.0664 
.(401 
.(416 
.0428 

.(Cilll 
.l£{Nt 

.0427 

.0697 
.(({is 

.0396 
.(M»7 

.0282 

r«  nl 

it  UV.H 
.MOO 
.OHO 
(442 
.0M8 

Ma 

(471 
(454 

.on 

.(454 
.(£4* 

.0324 

Percent. 
■  n.i)i)07 
(mil 


•  .0014 
<  m  try; 
W43 
IM44 

+  .0057 

•  .(»£{.-> 
.mas 
0H51 

•  (*42 

Pt  re  Ml 
ii  O0O0M 
.000114 
.OOOl.V 
.000880 

UA457 
.  000188 

000124 

(■■•l'.«7 
.000178 

000191 

000(48 

.000060 

Percent 
0.0681 
(£115 

.034* 

(£17* 
(£42 
.0295 
.(4^51 
(47(1 
.0886 
.0486 
.0819 

.(£{n7 

/■.  ret  »' 

II.UViH 
.(£{22 
JE577 
.0384 
.(£{71 
.(EMI 
.  (493 

.OMO 

.(£!)£{ 
(479 
(Eft! 

.(£{01 

ro  a! 
■  0.0007 
-f  .0007 
.o<M( 

•  .0006 

•  .IK  Ml 

+  .0033 

.  ( M  N'd  1 

•  .0089 
+  .0008 

'-Mi 

+  .0014 
.0006 

Percent. 
0.000088 
.0001  R56 
.000140 
.000266 
.000818 
.000186 
.000124 
.000887 
11001:53 
.000810 
.(Nmot;o 
.000060 

Average,  all  plats 

.0386 

.(420 

+  .0034 

.000050 

.(£575 

.0396 

f  .0021 

.  (MMJ144 

Ninth  9  inches. 

Tenth  9  inches. 

Total  nitrogen. 

■•  Nitric" 
nitro 
gen. 

Total  nitrogen. 

"  Nitric- 
nitro- 
gen. 

By  soda 

nine. 

By  Kjel 
dahl 

Kjeldahl 

<  + )  or 
( —  >  soda 
lime. 

By  soda 
lime. 

Bv  Ki^l- 
dahl. 

Kjeldahl 

(  +  )  or 
(    )  soda- 
lime. 

Plat  7  

Plat  B  

Average,  all  plats 

Per  oi  xt. 
0.0487 

08a 

.(£{<« 
.0318 

/'«  firnt. 

0.0600 
.  0325 
.0355 
.0318 

Percent. 
■  0.0079 



-  IMI53 
.0000 

Percvnt. 
0.0001  M) 
.0000*2 

.000148 
.000204 

Per  coit. 

0.0686 
.081] 
.(£{32 
.0265 

/'.(-</(/ 
0.0571 
.0388 
.0332 
.0265 

Percent. 
+0.0046 
•  .002] 
.0000 
.0000 

Percent. 
0.00001V 
.000072 
.000146 
.000188 

.0358 

.IEJ91 

+  .0033 

.000115 

.0358 

.0375 

+  .0017 

.000106 

28 


INVESTIGATIONS  ON  ROTHAMSTED  SOILS. 


Table  10. — Broadbalk  wheat  soils,  sampled  in  October,  1S93 — Percentages  of  nitro- 
gen in  fine  dry  soil,  as  determined,  respectively,  by  the  soda-lime  method  and  by 
the  Kjeldahl  method:  also  the  percentages  of  "  nitric"  nitrogen  {nitrogen  existing 
in  the  form  of  nitrates). 

[Summary  of  preceding  results  in  Table  9— averages  of  all  plats  sampled  at  each  depth.] 


Depth. 

Num- 
ber of 
plats. 

Total  nitrogen. 

By  soda-  By  Kjel- 
lime.  dahl. 

Kjeldahl 
(+)or (-) 
soda-lime. 

**  Nitric  " 
nitrogen. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

First  9  inches  (excluding  2a  and  2b)  

19 

0. 1098 

0.1149 

+0. 0051 

0.000501 

First  9  inches!  all  plats)  

21 

.1167 

.1222 

+  .0055 

.000520 

Second  9  inches  

21 

.0728 

.0784 

+  .0056 

.000931 

Third  9  inches  

21 

.0613 

.0666 

+  .0053 

.000356 

Fourth  9  inches    

12 

.0474 

.0511 

+  .0037 

.000223 

Fifth  9  inches  

12 

.0437 

.0472 

+  .0035 

. 000174 

12 

.0392 

.0430 

+  .0038 

.000144 

Seventh  9  inches  

12 

.0386 

.0420 

+  .0034 

.000143 

Eighth  9  inches  

12 

.0375 

.0396 

+  .0021 

.000144 

Ninth  9  inches.  

4 

.0358 

.0391 

+  .0033 

.000115 

Tenth  9  inches  

4 

.0358 

.0375 

+  .0017 

.000106 

It  will  be  seen  that  in  almost  every  individual  instance,  and  always 
in  the  case  of  the  average  results  for  each  depth  of  soil,  the  Kjeldahl 
method  gives  a  higher  percentage  of  nitrogen  than  the  soda-lime 
method.  The  actual  difference  is  greater  in  the  case  of  the  higher 
than  of  the  lower  depths.  Reckoned,  however,  in  percentage  on  the 
total  nitrogen  obtained,  the  deficiencj7  by  the  soda-lime  method  is  on 
the  average  considerabl}'  less  in  the  case  of  the  samples  of  the  first 
depth  (which,  as  will  be  seen  hereafter,  contain  not  only  more  nitro- 
gen, but  also  more  carbon,  and  a  higher  ratio  of  carbon  to  nitrogen) 
than  in  the  lower  or  subsoil  depths.  But,  with  some  marked  excep- 
tions, the  relative  deficiency  of  the  soda-lime  method,  though  higher 
in  t he  subsoils  than  in  the  surface  soils,  is  on  the  average  fairly  uni- 
form from  depth  to  depth,  and  averages  between  7  and  8  per  cent  of 
the  total  nitrogen.  A  comparison  of  the  column  of  the  summary 
table  (Table  10),  showing  the  greater  amount  of  nitrogen  found  by 
the  Kjeldahl  method,  with  the  column  showing  the  nitrogen  existing 
as  nitrates,  will  show  that  the  higher  results  cannot  be  accounted 
lor  by  more  complete  determination  of  the  nitric  nitrogen  by  the 
Kjeldahl  method;  nor  do  the  figures  showing  the  relation  of  carbon 
to  1 1 1 1  rogen  (to  be  hereafter  given)  indicate  any  deficiency  of  carbon 
for  the  decomposition  of  the  organic  nitrogenous  compounds  by  the 
soda-lime.  The  conclusion  is  rather  that  the  action  of  the  liquid  acid 
in  breaking  up  the  organic  nitrogenous  compounds,  in  order  lo  con- 
vert the  nitrogen  into  ammonia,  in  the  Kjeldahl  process,  is  more  com- 
plete 1  ban  is  t  he  act  ion  of  dry  heat  on  the  mixture  of  soda-lime  and  soil. 

On  tin;  whole  it  appears  that  the  Kjeldahl  results  should  be  adopted 
;i-  mosl  correctly  indicating  the  actual  nitrogen  in  tin;  1893  samples — 
t  hough  t  he  soda-lime  results  will  be  more  properly  taken  in  any  compari- 
son which  it  is  desired  to  draw  be1  ween  these  and  the  1865  or  1881 
samples.  For  1  he  present,  therefore,  we  will  direct  our  attention  to 
the  nitrogen  figures  as  obtained  by  the  Kjeldahl  method. 
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Tin*  following  tables  (Tables  11  and  12)  show,  both  in  percentages 
(parts  per  million  in  the  case  of  the  nitrogen  in  nitrates)  and  as 
pounds  per  acre,  for  cadi  plat  and  for  every  depth  of  soil  examined, 
the  total  nitrogen,  the  nitrogen  as  nitrates,  and  the  organic  carbon, 
together  with  the  ratio  of  carbon  to  1  nitrogen  and  of  nitrogen  to  100 
carbon.  For  many  purposes  it  is  convenient  to  have  all  of  these 
expressed  side  by  side.  For  the  consideration  and  comparison,  how- 
ever, of  the  (plant  it  ies  of  each  single  const  it  nent ,  it  is  more  convenient 
to  have  the  nitrogen  and  carbon  results  tabulated  separately,  in  such 
a  way  as  to  show  in  one  line  the  quantities  present  in  each  successive 
depth  of  each  plat.  Tables  1. 'J,  14,  15,  and  10  exhibit  the  total  nitro- 
gen and  organic  carbon  contents  of  the  soils  and  subsoils  in  this 
separate  form  : 

Table  \\.—Hnnulltalk  irhcat  soils,  sampled  in  October,  ISO.:— Nitkookn  and  CAR- 
isoN  in  fine  dry  soil,  crjtrrssed  (is  jterccntaijes  and  as  pounds  p,  r  acre,  also 
ratio  of  carbon  to  nitrogen  and  of  nit nxjen  to  carbon. 

FIRST  9  IN<  iir.s. 


Plat 


Annual  manuring. 


Nitro- 
gen per 

acre 
in 

ma 
nurc. 


8 

!»a 
•Hi 

10a 
|0b 
n 
12 


Li 


manure 


Farmvard 

since  1881  

Farmyard  manure, 

50  years 

I'nmanurcd  

I  ninanuri'd  since 

1*52   

Full  minerals 

Full    minerals  and 

ammonium  salts 
Full    minerals  and 

amine  »niuin  salts 
Full    minerals  and 

ammonium  salts 
Full    minerals  and 

sodium  nitrate 
Sodium  nitrate  only 
Ammonium  salts  I  no 

minerals  since  i  \< 

Ammonium  salts  (no 
minerals  since  '50) 

Phosphates  and  am- 
monium salts  

Phosphates,  sodium, 
and  ammonium 
salts  

Phosphates,  potassi- 
um, and  ammo 
niuin  salts   

Phosphates,  magne- 
sium, and  ammo- 
nium salts  

Full  minerals  and 
ammonium  salts 
(autumn)   

Full  minerals  and 
sodium  nitrate 
since  1884  

(Full    minerals  aud 
ammonium  salts 
transposed    in  al- 
ternate years. 
Rape  cake  


Average  (exclud- 
ing 8a  and  8b)  ... 
Average  i  all  plats  > 


L6*. 

-•no 

300 
0 

0 

(I 

43 

86 

IS) 

43 
43 

86 

80 
81 

80 

86 

86 


Nitro- 
gen as 
Total  ni- 
nitro-   t rates 
gen.  per 
mil 
lion. 


Per  acre. 


I'trrt. 
0  L6H 

.220; 
.6881 

09*2 

.  lata 

.  1107 

.  1222 

.  1188 

1188 
.IBM 

.  106!) 
.1004 
.1131 


93 


l 'arts. 


La 

8 72 

8.07 
4.06 

:,. 

5.  77 
•;.7i 

6.41 
i  88 

4.83 

3.64 

4.50 


Car 
I  »on. 


.  1 11*+  5.46 


1162  5.37 


.1250 
.1234 

.1177 

.1174 
.  1232 

.1348 


1140 


5. 16 

3.86 

5.24 

4.70 
4.4D 

8.55 


5.01 
5.20 


Rsret 

1.682 

8.880 
889 

.mi 
.931 

1.010 

i.  mi 

L  188 

L18B 
L008 

1.049 

.969 

1.107 


Total 
nitro- 
gen. 


IJ>». 

t.ns; 

8,161 
8,678 

8,648 
8,888 

2.870 

8  ios 
8,080 

3.083 

8, 888 
2.  772 
2,  750 
2.  888 


1.123  3,090 

1.165  3,013 

1.137  '  3,241 

1.170  !  3,199 

LOSS  3,052 

1.094  3,044 

1.146  3,194 

1.257  3,478 


1.076  2,977 
1.156  3.138 


Nitro- 
gen as 

ni- 
t  rate> 


Lbs. 

23. 07 

10.88 
9.  04 

7.90 

10.68 

U  18 

14.88 

17.41) 

16.62 
11.10 

12.52 

9.44 

11.07 

14.16 

13.92 

13. 38 

10.01 

13.59 

12. 19 
11.04 

22. 06 


Ratio  of- 


Car 

ban. 


13. 00 
13.38 


Lbs. 

39,711 

88,081 
88,088 

88, 667 
84,183 

20,419 

88,686 

88,604 

80, 188 
26.  184 

87, 187 

86, 188 

28,700 

29, 115 

30,204 

29, 478 

30,334 

27,611 

28,363 
29.711 

82. 180 


Car-  Nitro- 
bOD  gen  to 
to  1  100 
nitro  car- 
gen,  bon. 


27.880 
89,  594 


9.7 


10.1 
9.0 


8.8 
8. 2 


9.8 

9.0 


9.8 
'.).  2 


9.  1 

9.8 

9.4 
10.0 
9.1 
9.5 

9.0 

9.3 
9.3 

9.3 


9.4 
9.5 


10.3 

9.9 
11.8 

10.8 
10.9 

10.9 

11.1 

10.4 

10.8 
10.9 

10.2 

11.0 

10.2 

10.6, 

10.0 

11.0 

10.5 

11.1 

10.7 
10.8 

10.7 


10.7 
10.6 
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Table  11. — Broadbalk  wheat  soils,  etc.— Continued. 
SECOND  9  INCHES. 


Annual  manuring. 


Nitro- 
gen per 
acre 
in 
ma- 
nure. 


Lbs. 
200 
200 
0 
0 
0 
43 
86 
129 
43 
43 


93 


Average  (all  plats)  . 


Total 
nitro- 
gen. 


Per  ct. 

0.0811 
.0767 
.0730 
.  0783 
.0739 
.0720 
.0681 
.  0752 
.0849 
.0799 
.0817 
.  0820 
.0812 
.0840 
.0757 
.0804 
.0842 
.0783 

'  .0777 
.  0793 
.0794 


.  0784 


Nitro- 
gen as 

ni- 
trates 
per 
mil- 
lion. 


Parts. 
8.48 

16. 98 
3.45 
2.63 
2.38 
4. 77 
7.19 

10. 92 
7.20 

13. 05 
9.52 

10. 88 
9.20 
9.54 
9.79 

11.60 
7.00 

15. 94 

10. 37 

15. 53 
9.12 


Car- 
bon. 


Per  ct. 
0.645 
.748 
.565 
.600 
.587 
.583 
.530 
.608 
.  651 
.640 
.668 
.656 
.  643 
.643 
.630 
.629 
.727 
.682 
.650 
.630 
.719 


Per  acre 


Ratio  of- 
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.640 


Total 
nitro- 
gen. 


Lbs. 
2, 166 
2,049 
1,950 
2,092 
1,974 
1,923 
1,819 
2, 009 
2, 368 
2,134 
2,182 
2, 190 
2, 169 
2,244 
2, 022 
2, 148 
2, 249 
2,  092 
2.076 
2,118 
2, 121 


2,095 


Lbs. 
22.  65 
45. 36 
9.22 
7.03 
6.36 
12.  74 
19.21 
29.17 
19. 2:5 
34.  86 
25.  43 
29.  06 
24.58 
25. 48 
26. 15 
30.99 
18.70 
42. 58 
27.70 
41.49 
24. 36 


24.87 


Lbs. 
17,230 
19,981 
15,093 
16,028 
15.681 
15.  574 
14, 158 
16.242 
17,390 
17, 096 
17,844 
1  7.  524 
17,177 
17, 177 
16,829 
16,803 
19, 421 
18, 218 
17, 364 
16, 829 
19, 307 


17.093 


THIRD  9  INCHES. 


2a 

200 

0.0660 

3.68 

0.515 

1,842 

10. 27 

14, 376 

7.8 

12.8 

2b 

200 

.0656 

4.39 

.492 

1,831 

12.25 

13, 734 

7.5 

13.3 

3 

0 

.0651 

.98 

.483 

1,817 

2.74 

13,483 

7.4 

13.5 

4 

0 

.0644 

.76 

.463 

1,798 

2. 12 

12,925 

7.2 

13.9 

5 

0 

.  0645 

.80 

.446 

1,801 

2.23 

12, 450 

6.9 

14.5 

6 

43 

.0628 

2.08 

.429 

1,753 

5.81 

11,976 

6.8 

14.6 

7 

86 

.0583 

3.06 

.426 

1,627 

8.54 

11, 892 

7.3 

13.7 

8 

129 

.  0630 

3. 12 

.443 

1,759 

8.  71 

12,366 

7.0 

14.2 

9a 

43 

.0696 

2. 40 

.5.35 

1,943 

6.70 

14.9&5 

7.7 

13.0 

9b 

43 

.0690 

5.58 

.524 

1,926 

15.58 

14,627 

7.6 

13.2 

10a 

86 

.0706 

4.03 

.526 

1,971 

11. 25 

14, 683 

7.4 

13.4 

10b 

86 

.0696 

5.01 

.524 

1,943 

13. 99 

14, 627 

7.5 

13.3 

11 

86 

.0672 

5.33 

.492 

1,876 

14.88 

13, 734 

7.3 

13.7 

12 

86 

.0733 

4.35 

.526 

2,046 

12. 14 

14,683 

7.2 

.  13.9 

13 

86 

.  0650 

3.38 

.477 

1,814 

9.  44 

13, 315 

7.3 

L3.6 

14 

86 

.  0650 

4.22 

.  502 

1,814 

11.78 

14,013 

7.7 

12.9 

15 

86 

.  0693 

3. 77 

.535 

1,935 

10. 52 

14, 9&5 

7.7 

12.9 

16 

86 

.0655 

7.44 

.438 

1,828 

20.  77 

12,227 

6.7 

14.9 

17 

f  .0671 

3.06 

.  492 

1,873 

8. 54 

13,  734 

7.3 

L3.6 

18  / 

86 

\  .0663 

2.29 

.478 

1,851 

6.39 

13, 343 

7.2 

13.9 

19 

93 

.  0719 

5.08 

.587 

2,007 

14.18 

16, 386 

8.2 

12.2 

Average  (all  plats) . 

.  0666 

3.56 

.492 

1,860 

9.94 

13, 7&5 

7.4 

13.5 

FOURTH  9  INCHES. 


5 

0 

0. 0524 

0.34 

0.310 

1,459 

0.95 

8, 629 

5.9 

16.9 

6 

43 

.0169 

1.07 

.263 

1,305 

2. 98 

7,321 

5.6 

17.8 

7 

86 

.0466 

1.91 

.343 

1,297 

5. 32 

9,547 

7.4 

13.6 

8 

129 

.1)546 

3. 13 

.409 

1,520 

8.71 

11,384 

7.5 

13.3 

11 

86 

0585 

4.  19 

.371 

1,628 

LI.  66 

1, 1.327 

6.3 

15.8 

12 

86 

.11631 

2.68 

.413 

1,765 

7. 46 

II.  196 

6.5  i 

15.3 

13 

86 

.  0528 

1.68 

III 

1,470 

4.68 

LI,  524 

7.8 

12.7 

14 

86 

.((441 

2.46 

.  329 

1 , 228 

6. 85 

9,  15S 

7. 5 

13.4 

15 

86 

.0111 

2.34 

.  209 

1,228 

6.51 

7,  488 

6.1 

16.4 

16 

86 

.0521 

4. 68 

.  329 

1.450 

13.03 

9,1 58 

6.3 

15.8 

17 

/  .0197 

1.03 

.307 

1 .  3S3 

2. 87 

8,545 

6.2 

16.2 

18 

}  

8(5 

I  .0481 

1.21 

.315 

1.3:«t 

3.37 

8,768 

6. 5 

15.3 

Average  (all  plat  si 

.0511 

2.23 

.  339 

1,423 

6.40 

9,445 

6.6 

15.1 

THK    HKOADHAI.K    WHKAT  SOILS. 
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Table  \\.—Bro<ulh<tlk  u-lieat  soils,  etc— Continued. 
FIFTH  8  INCHES. 


Plat.     Annual  manuring. 


d   

6   

8  \"  ... 

11   

12   

n  

14   

15   

16   

B  )  

A  v«»rag»*  i  all  plats 


Nitro 
gen  per 
acre 
in 

ma- 
nure. 


Lbs. 
0 
43 

Ni 

m 

so 
86 
SO 
86 
so 
86 

M 


Total 
nitro- 
gen. 


Rsr  ct. 
ii  (442 

.1497 
<4os 
m-.c 

149] 
(493 
0517 
(444 

.0468 
.0648 
I  (449 

I  .0300 


Nitro- 
gen as 

ni- 
trates 
per 
mil- 
lion. 


Per  acre. 


Parts. 
0.35 
1.21 
1  88 
2.97 

loo 

ft  Of 
L88 
ft  U 

1  sii 

I 

.64 
LOI 


1.74 


car- 
bon. 


A  ret 
0.229 

.250 
.  LT1 
.312 
.804 
.80S 
.  888 
27H 
.'ST. 

Mk 

255 


Total 
nitro 
gen. 


/./..« 
1,2967 
1.424 
L841 

1.  4-4 
1.  4o7 

1,418 

1.4M 
1.272 
1.312 
1 .  550 
1 .  2X7 
1,008 


Nitro- 
gen as 

ni- 
t  r:it«'s 


Lbs. 
I.IK) 
3  47 
4.64 
8.51 
S.OO 

r,  s.l 
ft  Bft 

6.10 

6  18 
7.  K2 

1.  s3 

2.  M 


Car- 
bon. 


o.  608 
7.  LM 
7.700 
8,941 
8,711 
S.740 
9.514 
7. 906 

0.791 

S.654 

m.osi 
7.3<t7 


279     L861       1.07  8,106 


Ratio  of 


Car-  Nitro- 
bon  gen  to 
to  1  100 
nitro-  car- 
gen,  bon. 


5.2 

5.0 

5.  s 
6.3 

6.  2 
0.  2 
6.4 
6  3 
5.  2 
5  0 
0.  3 

7.  1 


5  p 


SIXTH  9  INCHES 


ti 

8 
11 
12 

u 
II 

15 
lti 
17 
1- 


» 

ii  Ik569 

0.25 

0.207 

1.014 

0. 71 

7.574 

4.7 

21.3 

43 

.1403 

1.31 

.  244 

1.313 

ft  72 

ft  922 

5.3 

19.0 

so 

im* 

1  55 

2»H 

9S7 

4  «i 

5.  759 

17.1 

ISO 

(n.09 

ft  ■ 

.240 

1,180 

7.  40 

(i,  SI  (9 

5. 9 

17.0 

M 

.  (444 

27* 

1 .  1  to 

6.08 

7.KS7 

0.9 

11  5 

so 

.0477 

LT8 

.  29s 

1.353 

6.06 

B,  451 

o  B 

16. 0 

«6 

.0407 

LM 

.2X9 

1,886 

3.M) 

s.  188 

6.2 

It;  2 

86 

(41* 

1.90 

.2*; 

1.2(3 

5.-59 

(i.  095 

5.4 

is  0 

so 

.0888 

l  62 

.  197 

BUB 

4.31 

5,  5S9 

5  9 

10  9 

84t 

1442 

ft  10 

.8031 

1.254 

5.90 

s.34(i 

0  0 

15  II 

1  (413 

.01 

.2*5 

1.172 

1.73 

8,088 

T..8 

11  0 

M 

1  .0807 

.58 

.MO 

1.120 

1.65 

ti.MKI 

0.0 

lti.  5 

.0*30 

1.44 

.256 

1,2.0 

4. 10 

7.2V, 

5.9 

16.8 

SEVENTH  9  INCHES. 

o 

O.U591 

0.36 

0. 209 

l.OMi 

1.03 

7,078 

4.5 

22.0 

13 

.0100 

L14 

207 

1111 

ft  25 

6,906 

5.2 

19.3 

so 

.(410 

1  68 

.884 

1,187 

4.51 

7,681 

6.3 

16.8 

129 

.0448 

2.80 

.  249 

1,861 

7  99 

7.103 

5.  0 

17.7 

86 

.0300 

1 . 57 

.848 

1.(44 

4.48 

7.H17 

6.7 

14.9 

u 

.0423 

l.NK 

279 

1,807 

5. 30 

7,868 

6.6 

15  2 

H0 

.0471 

1.24 

.  297 

1,844 

ft  54 

8,  472 

6.3 

15  9 

S6 

(454 

1 . 97 

.233 

1.295 

6, 68 

0.047 

5.1 

19  5 

Mi 

.0868 

1.7H 

.214 

1.007 

5.  OS 

ti.  105 

6.1 

10.5 

OB 

.0404 

1.91 

.270 

1 . 295 

5.  45 

7.702 

5.9 

16.8 

1  .0848 

.48 

.220 

993 

1.37 

6, 876 

6.3 

15.  S 

Mi 

i  .0881 

.50 

.223 

924 

1.43 

6,861 

ft  9 

14.5 

.0420 

1.43 

.248 

1.199 

4.09 

7,061 

5.9 

10.9 

EIGHTH  9  INCHES. 

0 

0.0568 

0.32 

0.238 

1.029 

0.92 

0,827 

4.2 

23.9 

43 

.0322 

.06 

.192 

924 

1.89 

5.507 

6.0 

16.8 

86 

(1377 

1.40 

.176 

1,081 

4.02 

5.048 

4.7 

21.4 

129 

.03S4 

2. 66 

.228 

1.101 

7.00 

0. 540 

5.  9 

10  s 

86 

.  0371 

ft  13 

.228 

1,064 

6.11 

0.540 

6.1 

10.3 

86 

.0330 

1.S5 

.257 

947 

5.31 

7. 372 

7.8 

12.8 

86 

.0493 

1.24 

.255 

I,  111 

3.56 

7,314 
0.999 

5.2 

19.3 

86 

.0493 

2.37 

.244 

1.414 

869 

(i.SO 

4.9 

20.2 

86 

.03(13 

1.88 

.186 

3. 81 

5.335 
0.999 

6.1 

16.3 

86 

.0479 

2.19 

.244 

1.374 

0.28 

5.1 

19.6 

f  .0333 

.60 

.160 

955 

1.72 

1,588 

4.8 

20.8 

86 

\  .0301 

.50 

.171 

863 

1.43 

1.905 

5.7 

17.6 

.0396 

1.44 

.215 

Ti36~ 
■ 

4.12 

6.165 

5.4 

18.4 

s 

11 

18 
13 
14 
[5 
10 

IS 


5 

6 

7 

8 
11 
12 
13 

It  .. 

15  .. 

16  .. 

\l  }• 
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Table  11. — Broadbalk  ivheat  soils,  etc. — Continued. 
NINTH  9  INCHES. 


Plat. 

A  T1  "M  "11 1  1  lYlfUmTMTlpr 
iidi   iiniu  ui  ill; — ,  - 

Nitro- 
gen per 
acre 
in 
ma- 
nure. 

Total 
gen. 

Nitro- 
gen as 

ni- 
trates 
per 
mil- 
lion. 

Car- 
bon. 

Per  acre. 

Ratio  of — 

Total 
nitro- 
gen. 

Nitro- 
gen as 

ni- 
trates. 

Car- 
bon. 

Car- 
bon 
to  1 
nitro- 
gen. 

Nitro- 
gen to 
100 
car- 
bon. 

Lbs. 

Per  ct. 

Parts. 

Per  ct. 

Lbs. 

Lbs. 

Lbs. 

5 

0 

0. 0566 

0.29 

0.225 

1,700 

0. 87 

6,758 

4.0 

25.1 

6 

43 

.0325 

.82 

.  m 

976 

2.46 

5,677 

5.8 

17.2 

7 

86 

.  0355 

1.43 

.1(17 

1,066 

4.29 

5,01(5 

4.7 

21.3 

8 

129 

.0318 

2.04 

.174 

955 

6. 13 

5, 226 

5.5 

18.3 

Average  (all plats). 

.0391 

1.15 

.189 

1,174 

3.44 

5,669 

4.8 

20.7 

TENTH  9  INCHES. 


5 

0 

0. 0571 

0. 19 

0.258 

1,714 

0.57 

7,745 

4.5 

22.1 

6 

43 

.0332 

.72 

.183 

997 

2. 16 

5,493 

5.5 

18.1 

7 

86 

.0332 

1.46 

.175 

997 

4.38 

5.253 

5.3 

19.0 

8 

129 

.0265 

1.88 

.135 

795 

5.64 

4,052 

5.1 

19.6 

Average  (all  plats) . 

.0375 

1.06 

.188 

1,126 

3. 19 

5,636 

5.0 

20.0 

Table  12. — Broadbalk  wlieat  soils  sampled  in  October,  1893— Nitrogen  and  car- 
bon in  fine,  dry  soil  as  pounds  per  acre  (residts  condensed  and  summarized  from 
the  extended  Table  11). 

FIRST,  SECOND,  AND  THIRD  DEPTHS  (27  INCHES). 


Plat. 


9b 
10a 
10b 
11 
12 
13 
14 


Annual  manuring. 


Farmyard  manure  since  1884   

Farmyard  manure  50  years   

Unmanured  

Unmanured  since  1852  

Full  minerals  

Full  minerals  and  ammonium  salts  

 do  :  

 do   

Full  minerals  and  sodium  nitrate   

Sodium  nitrate  only  

Ammonium  salts  (no  minerals  since  1844)  

Ammonium  salts  (  no  minerals  since  1850)  

Phosphates  and  ammonium  salts    

Phosphates, sodium,  and  ammonium  salts  

Phosphates,  potassium,  and  ammonium  salts  

Phosphates,  magnesium,  and  ammonium  salts  

Full  minerals  and  ammonium  salts  (autumn)  

Full  minerals  and  sodium  nitrate  

I  Full  minerals  and  ammonium  salts,  transposed 
I    in  alternate  years. 

Rape  cake  


Per  acre. 


Nitro- 

Total 

Nitro- 

gen an- 
nually in 
manure. 

nitro- 
gen. 

gen  as 
nitrates. 

Carbon. 

Pounds. 

Pounds. 

Pounds. 

Pounds. 

200 

8,095 

56 

59 

71,317 

200 

9,031 

68 

14 

85, 761 

0 

6,339 

21 

60 

51,598 

0 

6,436 

17 

11 

52,520 

0 

6,401 

19 

12 

52,268 

43 

6,546 

32 

(58 

53, 969 

86 

6,614 

42 

71 

54,595 

129 

6,818 

55 

28 

58,112 

43 

7, 294 

42 

55 

62,451 

43 

6, 896 

61 

54 

57,857 

86 

6,  925 

49 

20 

59, 724 

86 

(>,  892 

52 

49 

57,273 

86 

(5,977 

51 

13 

59,611 

86 

7,38(5 

51 

78 

(5(1,975 

86 

6,849 

49 

r»l 

(5(1.318 

86 

7,203 

56 

15 

(50,294 

86 

7,383 

39 

23 

64,690 

86 

6,972 

76 

94 

58,056 

1  86 

|  (5,993 

48 

43 

59,461 

\     7,  L63 

59 

52 

59, 883 

93 

7,606 

60 

60 

68.023 

THE  BBOADBALK  WHEAT  BOILS. 
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Table  YZ.—Bro<idb<ilk  whvut  soils,  tie— Continued. 
FIRST  TO  EIGHTH  DEPTHS  (79  INCHES). 


Per  acre. 


Annual  manuring. 


*?E  Total 
manure.  6 


Nitro- 
gen as  Carbon. 
nitrates.1 


Pounds. 
0 
43 


Pounds. 
14.056 
12.653 

12.507 
i:;.:;n 
I8,m 

14,071 

11.  ><; 
13,866 

12.  744 
13,901 

I  13,783 
I  1-\417 


1 'mi  mis. 

Z\  7: i 
47.  W 
65.60 
95.  .V) 
87.00 
80.81 
GS.  til 
86.91 

84*86 

115.  4* 

57.96 
70.32 


FIRST  To  TENTH  DEPTHS  •  «m  INCHES  . 


0 

u,m 

25.17 

43 

14.62H 

52. 61 

86 

14.570 

74  27 

129 

16, 0M 

107.32 
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TOTAL  NITROGEN  IN  UNMANURED  AND  IN  CONTINUOUSLY 

DUNG-ED  PLATS. 

The  two  plats  which  seem  naturally  to  claim  our  first  attention  are 
the  plats  which  for  fifty  years  have  been  the  most  diverse  in  their 
treatment,  namely,  the  continuously  cropped  but  wholly  unmanured 
plat  (No.  3),  with  its  almost  unmanured  companion  (No.  4)  on  the 
one  hand,  and  on  the  other  hand  plat  2b,  which  in  the  course  of  the 
fifty  years  ended  in  1893  had  received  no  less  than  700  tons  of  dung, 
estimated  to  have  supplied  200  pounds  per  annum,  or  in  all  10,000 
pounds,  of  nitrogen,  the  greater  part  of  which  would  originally  exist 
in  an  organic  condition,  and  we  naturally  look  at  once  to  see  how 
their  nitrogen  contents  compare.  Glancing  down  the  columns  of 
Table  13  we  find,  as  we  should  expect,  that,  as  regards  nitrogen,  they 
are  respectively  the  poorest  and  the  richest  of  the  plats. 

We  find  as  follows : 


Table  17 .—Broadbalk  wheat  soils  {1893) ,  plats  3,  4.  and  2b. 


Nitrogen. 

Per  cent. 

Pounds 

per  acre. 

Plat  3,  continuously  unmanured  (first  9  inches  only)  

0. 0992 

2,572 

Plat  4,  unmanured  since  1852  (first  9  inches  only)   

.0982 

2,546 

Plat  2b,  14  tons  farmyard  manure  per  annum  (first  9  inches  only)  

.2207 

5, 151 

Plats  3  and  4,  then,  have  less  than  0.1  per  cent  of  organic  nitrogen, 
while  plat  2b  has  over  0.22  per  cent. 

Allowing  for  the  differences  of  lightness  in  the  soils  (see  previous 
discussion),  the  permanently  dunged  surface  soil  contains  as  nearly 
as  possible  twice  as  much  organic  nitrogen  as  the  unmanured  soil,  the 
excess  in  round  numbers  being  about  2,500  pounds  per  acre. 

The  manured  plat  has  yielded  in  its  crops  in  fifty  years  something 
like  1,600  pounds  more  of  nitrogen  per  acre  than  the  unmanured  plat. 
Of  1  lie  total  10,000  pounds  of  nitrogen  estimated  to  have  been  supplied, 
then,  we  find  (in  rough,  round  numbers)  that  1,G00  pounds  have  been 
recovered  in  the  increased  crops,  and  that  about  2>500  pounds  are 
found  in  the  surface  soil,  leaving  5,000  (or,  in  round  numbers,  6,000) 
pounds  to  be  accounted  for  otherwise. 

In  the  second  !)  inches  we  find: 


Table  18.— Broadbalk  wheat  soils  (1S93),  plats  3,  4,  and  ?b  (second  9  inches). 


Nitro^fM'. 

Per  cent. 

Pounds 
per  acre. 

Plat continuously  unmanured  (second  9  inches)  

f6xp 
©  *  ' 

1,950 
2,092 
2,049 

Plat  4.  unmanured  wince  1852  (second  9  inches)  

I'i.it  ::),,  It  tons  farmyard  manure  per  annum  (second  9  inches).  
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Obviously  there  is  no  such  difference  here  as  to  account  satisfac- 
torily for  the  disappearance;  indeed,  the  subsoil  of  one  of  the  unma- 
nured  plats  is  actually  richer  than  that  of  the  manured  plat,  and  if 
We  brave]  into  the  third  depth  we  find  that  all  three  are  practically 
alike. 

Although  formidable  difficulties  arc  placed  in  the  way  of  quanti- 
tative acreage  deductions  from  the  subsoil  analyses,  owing  to  the 
natural  irregularities  of  the  subsoil  to  which  I  have  already  alluded, 
wc  arc  nevertheless  able  at  once  to  draw  from  the  figures  a  rough 
deduction  that  the  organic  matter  supplied  to  the  land  in  the  form  of 
farmyard  dung,  even  if  some  of  it  becomes  bodily  transferred  to 
the  subsoil  by  the  agency  of  worms  or  insects  or  by  any  other  means, 
does  not  materially  affect  the  permanent  nitrogen  contents  of  the 
subsoil.  There  Beems,  from  the  carbon  results,  to  be  sonic  evidence 
of  increase  of  organic  matter  in  the  upper  subsoil  beyond  what  is 
probably  attributable  to  root  residue;  but,  if  this  is  so.  it  is  organic 
matter  so  far  decomposed  that  its  nitrogen  does  not  seem  to  have 
been  conserved. 

THE  TWO  DUNGED  PLATS  (2a  AND  2b). 

As  a  further  illustration  of  this  we  may  compare  the  soils  and  sub- 
soils of  plats  -a  and  2b,  the  former  of  which  had  been  dunged  for  only 
nine  years  and  the  latter  for  fifty  years,  the  nitrogen  supply  in  the 
former  case  being  estimated  at  1, son  pounds  only  and  in  the  latter 
case  at  K>, <><)<>  pounds. 

TABLE  \d.—llr<><t<lh<ilh-  wheat  soils  (  rsr>.;),  j>lnfs  .'a  <tn<1  :h. 


Plat  2a,  dunged  u  tie  years: 

First  9  inches  

Second  9  inches  

Third  9  inches  

Plat  21>,  dunged  fifty  years: 

First  !•  inches  

Second  9  inches  

Third  !t  inches  •. 


It  is  clear,  therefore,  that,  in  spite  of  the  notable  surface  accumula- 
tion,  but  little  of  tin'  large  quantities  of  nitrogen  supplied  in  dung 
and  not  returned  in  crops  is  to  be  found  in  the  subsoil.  The  greater 
pari  of  it  has  disappeared,  either  as  nitrates  in  the  drainage,  or  per- 
haps, and  probably  largely,  by  fermentative  processes  yielding  free 
nitrogen.  The  question  of  drainage  will  have  to  be  discussed  here- 
after; for  the  moment  we  are  only  concerned  with  the  converse  ques- 
tion of  accumulation. 


Nitrogen. 


Per  cent. 


0811 

,0880 

.2207 
07U7 
.(Hi.-*", 


Pounds 
per  acre. 


4.  us? 
2.  W, 

1.  N42 

5. 151 

2.  mil 
1,881 


Carbon. 


Per  cent. 


Pounds 
per  acre. 


1.582 
.045 
.  515 

2.230 
.7+8 
.492 


:».7li 

17,230 
14,370 

52,046 
19.981 
la,  734 
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RAPE-CAKE  PLAT. 

Next  in  order  to  the  dunged  plats  in  point  of  richness  in  total 
nitrogen  is  the  only  other  plat  of  the  series  which  has  been  persist- 
ently treated  with  organic  nitrogenous  manure,  viz,  plat  10,  which 
constantly  receives  rape  cake,  the  quantity  since  1883  being  from  1G 
to  17  hundredweight  per  annum,  estimated  to  contain  9o  pounds  of 
nitrogen  per  annum.  The  crops  yielded  by  this  plat  have  been 
inferior  to  those  of  most  of  the  chemically  manured  plats  receiving 
inorganic  nitrogen  (ammonium  salts  or  sodium  nitrate)  with  a  liberal 
supply  of  minerals.  But  there  has  been  accumulated  a  distinctly 
larger  quantity  of  organic  nitrogen;  that  is  to  say,  there  is  in  the 
surface  soil  an  accumulation  of  nitrogen  clearly  due  to  the  organic 
matter  of  the  manure,  apart  from  that  due  to  crop  residues.  We  may 
compare  this  plat  with  plat  '6  (wholly  unmanured),  and  with  the 
average  of  plats  7,  11,  12,  13,  14,  15,  and  16,  all  receiving  annually 
nearly  as  much  nitrogen  as  the  rape-cake  plat,  but  in  the  form  of 
ammonium  salts  or  sodium  nitrate,  and  also  receiving  phosphates 
with  or  without  various  alkaline  salts. 


Table  20. — Broadbalk  ivheat  soils,  1893 — Comparison  of  chemically  manured  plats 

and  Rape-cake  plat. 

NITROGEN. 


Plat. 

Average  yield 
for  forty-two 
years. 

Per  cent. 

Pounds  per  acre. 

Wheat. 

Straw. 

First 
9 

inches. 

Second 
9 

inches. 

Third 
9 

inches. 

First 
9 

inches. 

Second 
9 

inches. 

Third 
9 

inches. 

Bushels. 

Cwt 

12* 

10f 

0. 0992 

0.0730 

0. 0851 

2,572 

1,950 

1,817 

Average  of  plats  7, 11, 12, 13, 14, 15, 

and  16.    Minerals  with  ammo- 

nium salts  (or  sodium  nitrate) 

containing  86  pounds  nitrogen 

per  annum  

291 

29 

.1196 

.0788 

.0662 

3, 100 

2, 106 

1,848 

Plat  19,  rape  cake,  containing  93 

.0719 

pounds  nitrogen  per  annum . . . 

28 

25* 

.1348 

.0794 

3,478 

2,121 

2,007 

CARBON. 


Plat  3,  unmanured  

12} 

ioi 

0.888 

0. 565 

0.483 

23,022 

15,093 

13,483 

Average  of  plats  7,11,12, 13, 14, 15, 
and  16.    Minerals  with  ammo- 

nium salts  i  or  sodium  nitrate) 

containing  86  pounds  nitrogen 

per  annum  

29.} 

29 

1.124 

.641 

.  485 

29, 141 

17,112 

13,685 

Plat  1!),  rape  cake,  containing  93 

pounds  nitrogen  per  annum  ... 

28 

25| 

1.257 

.719 

.587 

32,430 

19,307 

16,385 

As  more  organic  matter  has  been  formed  above  ground,  as  grain  and 
straw,  in  the  average  of  the  plats  receiving  ammonium  salts,  we  may 
suppose  thai  more  stubble  and  root  residue  has  on  the  average  been 
left  by  each  crop  than  on  the  rape-cake  plat.  The  much  Larger  nitro- 
gen accumulation,  therefore,  in  the  surface  soil  of  the  rape-cake  plat 
musl  be  attributed  to  the  direct  accumulation  of  nitrogenous  organic 
matter  from  the  rape  cake  itself.    Not  only  does  the  surf  ace- soil  con- 
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tain  900  pounds  per  acre  of  nitrogen  more  than  the  un manured  plat  3, 
but  it  contains  nearly  380  pounds  more  than  the  average  surface  soil 

of  the  seven  plats  cited.  In  the  second  !»  inches,  alt houirh  plal  11*  con- 
tains more  than  the  unmanured  plat,  there  is, however, practically  no 
difference  between  it  and  the  average  second  !»  inches  of  the  seven 
plats.  In  the  third  depth  there  is  a  very  decided  difference,  the  rape- 
cake  plat  containing  more  than  the  others.  In  both  the  second  and 
third  depths  of  plat  L9  there  is  a  much  larger  quantity  of  carbon  than 
in  the  average  corresponding  depth  of  the  seven  plats,  and  One  is 
inclined  to  draw  t  he  conclusion  that  the  organic  mallei-  of  t  lie  rape 
Cake,  including  some  of  its  nitrogenous  compounds  or  organic  bodies 
derived  from  them,  has  found  its  way  more  deeply  down  than  has  the 
organic  matter  of  thednng.  But  not  too  much  stress  must  be  laid 
upon  this,  for  averages  are  apt  sometimes  t<»  lead  to  delusive  conclu- 
sions, and  a  study  of  the  subsoil  resulls  seems  to  show  a  gradation, 
i  Ik  mull  not  a  unit' or  m  one,  in  the  subsoils  in  the  nature  of  an  increase  of 
nit  rogen  as  we  go  across  the  field,  the  subsoils  of  plats  2a  to  8  showing 
less  nitrogen  than  those  of  plats  9a  to  18;  and  the  increase  of  nitrogen  in 
the  third  depth  of  plat  L9,  as  compared  w  i  i  h  even  its  neighbor,  plat  18, 
may  possibly  be  at  Least  partly  due  to  natural  increase  in  this  roughly 
graduated  irregularity.  This  natural  irregularity  in  the  subsoils  is  no 
doubt  mainly  due  i<»  differences  in  the  proportion  of  nitrogen-bearing 
clay  and  of  fine  gravel  or  sand  with  which  it  is  mixed. 

THE  CHEMICALLY  MANURED  PLATS. 

I'LAT  -~>   (MIXKKAL  MANURES  ONLY). 
We  may  now  turn  to  the  various  chemically  manured  plats.  One 

of  them,  plat  5,  has  received  for  fifty  years  a  full  supply  of  minerals 
without  nitrogen  in  any  form  whatever.  As  compared  with  the  unma- 
nured plat  it  has  produced  a  uniformly  larger  crop  of  corn  and 
straw,  showfng  an  average  increase  over  the  unmanured  plat,  over 
forty-two  years,  of  2  bushels  of  wheat  and  1  hundredweight  of  straw. 
We  might  expect  it,  therefore,  to  be  poorer  in  nitrogen  than  the 
wholly  unmanured  plat,  but  this  is  not  the  case.  Indeed,  we  find  a 
Blight  increase,  and  with  it  a  distinct  increase  in  organic  carbon,  as- 
shown  in  Table  21. 


Tarlk  21.  —  liroadhalk  wheat  soils,  isn.i — Plat    (unmanured)  and  plat  ~>  {mineral 

ma iik res  only). 


Nitrogen. 

Carbon. 

Depth. 

Per  cent. 

Pounds 

Per  cent. 

Pounds 

per  acre. 

per  acre. 

Plat  8, unmanured: 

First  9  inches  

0.0992 

2,572 

0.888 

23,022 

Second  9  inches  

.0730 

1,950 

.565 

15.093 

Third  !)  inches  

.0651 

1,817 

.483 

13,483 

Plat  5,  minerals  only: 

First  9  inches  

.1013 

2.626 

.931 

24,137 

Second  9  inches  

.0739 

1 . 974 

.5S7 

15,681 

Third  9  inches  

.0645 

1,801 

.446 

12,450 
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Notwithstanding  the  annual  removal  in  crops  of  something  like  3 
pounds  more  of  nitrogen  per  acre  per  annum  for  the  last  forty  years 
(or  probably  nearly  5  pounds  per  annum,  if  we  include  in  the  average 
the  earlier  years  of  the  experiments),  the  surface  soil  of  plat  5  now 
contains  distinctly  more  nitrogen,  and  no  diminution  is  indicated  in 
the  second  and  third  depths.  The  organic  carbon  is  also  greater  in 
the  surface  soil  of  plat  5  to  the  extent  of  over  1,100  pounds  per  acre, 
and  in  the  second  depth  to  the  extent  of  nearly  GOO  pounds  per  acre. 
The  difference  is  clearly  to  be  attributed  to  crop  residue,  and  the  fact 
that  plat  5  is  now  richer  in  nitrogen  than  plat  3  is  due  to  the  storing 
up  in  stubble  and  root  residue  of  a  portion  of  the  natural  soil  nitro- 
gen that  without  mineral  manure  to  aid  in  its  assimilation  would  have 
been  lost,  as  on  plat  3,  in  drainage. 

It  must  not,  even  for  a  moment,  however,  be  supposed  that  plat  5 
has  gained  nitrogen.  We  shall  see  hereafter,  on  comparison  of  the 
nitrogen  results  obtained  by  the  examination  of  samples  collected  in 
1865  and  1881,  that  the  soils  of  both  plats  are  steadily  losing  nitrogen; 
but  the  loss  on  plat  5,  owing  to  the  influence  of  the  mineral  manure, 
has  been  less  than  on  the  wholly  unmanured  plat. 

GENERAL  COMPARISON  OP  ALL  CHEMICALLY  MANURED  PLATS. 

We  may  next  pass  to  the  perhaps  more  practically  interesting  series 
of  plats  which,  although  they  receive  no  dung  or  other  form  of  organic 
nitrogen,  have  nevertheless  received  nitrogen  in  the  form  of  ammo- 
nium salts  or,  in  some  cases,  of  sodium  nitrate,  with  and  without  vari- 
ous additions  of  minerals. 

It  will  be  most  instructive  to  concentrate  our  attention  on  the  sur- 
face soil;  that  is  to  say,  on  the  first  9  inches.  The  results  of  the  sub- 
soil analyses  are  all  to  be  found  in  the  collective  tables,  where  they 
can  at  leisure  be  consulted  in  detail;  but  the  natural  irregularities 
already  several  times  referred  to  must  be  taken  into  account,  and  this 
renders  a  detailed  examination  of  the  subsoil  results  for  each  of  the 
many  plats,  as  regards  organic  nitrogen  and  carbon,  too  large  a  task 
1o  be  entered  upon  now. 

It  will  be  convenient  to  give  here,  for  the  plats  now  under  consid- 
eration,  an  abstract  showing  briefly  the  mode  of  manuring,  the  aver- 
age yield  of  crops  for  forty-two  years,  and  the  quantities  of  nitrogen 
and  carbon  in  the  surface  soil  depths. 

The  average  annual  crops  arc  expressed  in  pounds  and  are  the  sum 
of  the  average  annual  weight  of  grain  and  straw,  the  weight  of  grain 
being  calculated  with  reference  to  the  average  weight  per  bushel  for 
each  separate  plat,  as  recorded  in  the  official  "Memoranda." 

Fora  reason  that  will  presently  be  seen,  the  plats  are  here  arranged 
in  the  order  of  the  annual  total  yield  of  grain  and  straw,  plats  3  and 
l  (unmanured)  and  plal  5,  already  referred  to,  being  included  for  pur- 
poses of  comparison. 
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Takle  22.— Broadhalk  irhrat  soils,  /,s.'/.;—  Nitrooex  and  carbon  fa  surface  soils 
of  varum*  plats,  arranged  in  order  of  their  average  total  yields  of  wheat  and 
strair. 


Plat 


Annual  manuring 


3 
4 

Hi 
li  ib 

9b 


Unmanurefl  

Cnmanured  since  1852  

Mineral  manures  only  

Ammonium  salts  only  <  4<io  pounds)  mo 

minerals  since  1844)  

Ammonium  salts  only  <4O0  i>oniHlst  (no 

minerals  since  1N50)  

Sodium  nitrate  only: 

Formerly  V,n  p.  ,umK    .utainin^. . .  . 
Latterly  276  pounds,  containinu'  .. 
Full  minerals  and  ammonium  salts  ijim 

pounds)    

Phosphates  and  ammonium  salt>  il<«i 

pounds)  

Full  minerals  and  sodium  nitrate  ..VVi 

pounds>  sine.-  lv<t  .  previously  unma- 

nured  for  1!»  years  i  

Phosphates,  sodium  and  ammonium  salts 

(400  pounds)  

Phosphates,  magnesium  and  ammonium 

salts  >  * i  w »  pounds  >  

Full  minerals  and  ammonium  salts  <  im 

pounds »  |  applied  in  autumn  i  

Phosphates,  potassium  and  ammonium 

salts  >  '  4<Nl  p.  mnds  i   

Full  minerals  and  ammonium  salts  1 4<»i 

pounds)   

Full  minerals  and  sodium  nitrate: 

Formerly  680  pounds,  containing  

Latterly  27.")  pounds,  containing  

Full  minerals  and  ammonium  salts  (mm 

pounds)  


Total 
annual 

\V  e  i  i£  1 1 1 

of  wheat 

and 
straw  (42 
year-  av- 
erage '. 

Nitrogen. 

Nitro- 
gen sap 
plied  an- 
nually in 
manure. 

Per  cout. 

Pounds 
per  acre. 

Organic 
carbon. 

I'numls. 
0 
11 

0 

l'itUUtls. 

1.  H34 

2.  mis 

8,  Ml 

ii  0W2 

.IKI.S2 

.no 

2.  572 
2.5»o 
2. 620 

Per  cent. 
0.888 

.  '.1  HI 

.931 

86 

3,  m 

.1069 

2  772 

LOtt 

80 

3.501 

.1064 

2.  759 

.969 

80 
43 

j     3. 7s«.i 

.1094 

2.836 

1.008 

4.J 

3.842 

.11(17 

2.870 

1.019 

HO 

3.MS8 

.  un 

2.932 

1.1117 

86 
80 

i  BM 
4.!C:J 

.1177 
.UN 

3,1)52 
3,096 

1.065 
1.123 

86 

5.112 

IMD 

3.241 

1.137 

86 

.-».  m 

.]JM 

3. 199 

1.170 

86 

5.365 

.1162 

3.013 

1.165 

86 

5.02!) 

.1222 

3, 168 

1.101 

86 
43 

|  0.306 

.1189 

3,083 

1.162 

120 

0,013 

.1188 

3,080 

Lin 

Here,  t  lien,  t  he  plal s  are  arranged  in  the  order  of  1  heir  annual  prod- 
uce in  wheal  and  .straw.  Willi  but  few  exceptions,  it  will  he  seen 
that  the  percentage  of  nitrogen  and — over  a  large  part  of  the  table — 
of  carbon,  also,  in  the  surface  soil,  increases  as  the  produce  has  been 
greater.  Tims,  in  round  numbers,  the  unnianured  plats,  giving  about 
2,000  pounds  of  annual  produce,  contain,  in  their  surface  soil,  under 
0.10  per  cent  of  nitrogen  (with  carbon  0.9  per  cent);  the  plat  with 
minerals  only  giving  2, 24:2  pounds  of  produce,  just  over  (».  in  per  cent 
of  nitrogen  (with  carbon  only  slightly  over  0.9  per  cent);  and  the 
plats  with  ammonium  salts  but  without  minerals  (save  for  some  early 
dressings  prior  to  1851),  averaging  :>,300  pounds  of  produce,  contain 
(>.  L06  per  cent  of  nitrogen  (with  nearly  1  per  cent  of  carbon).  The 
plat  with  sodium  nit  rate  without  minerals  has  given  more  produce 
than  thai  receiving  ammonium  salts,  although  latterly  the  nitrogen 
supplied  has  been  only  half  as  much.  Probably  the  sodium  nitrate 
has  been  a  better  solvent  for  the  minerals  of  the  soil  than  ammonium 
salts;  at  any  rate  the  produce  has  been  nearly  3,800  pounds,  and  the 
nitrogen  is  over  0.109  per  cent  (with  about  1.01  per  cent  of  carbon). 

Then  we  come  to  the  plats  getting  minerals  as  well  as  ammonium 
salts.    Plat  6  gets  full  minerals  (i.  e.,  superphosphate  and  potassium, 
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sodium  and  magnesium  salts),  with  only  4-3  pounds  of  nitrogen  as 
ammonium  salts.  This  crop  has  given  more  produce  than  that  receiv- 
ing twice  the  quantity  of  ammonium  salts  without  minerals,  viz, 
3,842  pounds.  Its  nitrogen  is  over  0.11  per  cent  (with  carbon  about 
1.02  per  cent). 

Then  follows  a  series  of  plats  all  getting  86  pounds  of  nitrogen  as 
ammonium  salts  (or  sodium  nitrate),  and  all  well  supplied  witli  phos- 
phates, with  or  without  additions  of  alkaline  salts.  Plat  11  gets, 
with  80  pounds  of  nitrogen  as  ammonium  salts,  phosphates  only.  It 
shows  146  pounds  more  of  annual. produce  per  acre  than  plat  6,  the 
next  above  it,  and  the  nitrogen  is  increased  to  0.113  per  cent  (with 
carbon  nearly  1.11  per  cent).  Plat  16  now  receives  86  pounds  only  of 
nitrogen  as  sodium  nitrate,  with  full  minerals.  Its  average  yield, 
however,  is  low,  because  this  average  includes  nineteen  years  in  which 
the  plat  was  not  manured.  Previously  to  this  period  it  was  heavily 
dressed  with  ammonium  salts,  and  in  1865  was  the  richest  in  nitrogen 
among  the  chemically  manured  plats;  but  during  the  long  interval 
between  1865  and  the  next  sampling  in  1881,  its  nitrogen  became  again 
reduced  nearly  to  the  level  of  that  of  plat  3.  Since  1884,  however,  it 
has  received  nearly  5  hundredweight  of  nitrate  of  soda,  containing 
86  pounds  of  nitrogen,  per  annum;  and,  after  ten  years  of  this  treat- 
ment, we  find  that,  in  1893,  although  it  does  not  take  quite  the  lead- 
ing place,  it  resumes  its  rank  among  the  plats  comparatively  rich  in 
nitrogen,  for  the  nitrogen  has  risen  to  nearly  0.118  per  cent  (the  car- 
bon being  1.06  per  cent).  Notwithstanding  the  period  of  starvation, 
the  average  annual  produce  all  through  has  been  4,824  pounds,  or  836 
pounds  higher  than  that  of  plat  11,  which  has  been  continuously  sup- 
plied with  ammonium  salts  and  phosphates.  This  difference  has,  no 
doubt,  been  due  largely  to  the  full  supply  of  minerals,  for  it  has 
received  a  full  supply  of  alkaline  salts  as  well  as  of  phosphates. 

Next  comes  a  series  of  seven  plats  averaging  about  5,600  pounds  of 
annual  produce,  and  averaging  rather  more  than  0.12  per  cent  of 
nil  pogeu  (with  carbon  over  1.14  per  cent).  In  this  series  the  percen- 
tages of  nitrogen  are  not  all  in  the  order  of  the  crop  produce.  But,  in 
the  whole  of  the  sixteen  plats  in  our  list,  only  four  break  the  sequence 
to  which  1  have  already  alluded,  viz,  that  the  greater  the  annual 
yield  of  crops,  the  greater  is  the  percentage  of  nitrogen  found  in  the 
surface  soil.  The  plats  which  individually  break  this  rule  or  sequence 
are  plats  L3,  7,  i)a,  and  8.  These  plats  have  all  given  large  yields, 
mainly  owing  to  the  influence  of  potassium  salts.  They  have  yielded 
in  their  crops  a  considerably  larger  quantity  of  nitrogen  than  any  of 
the  others;  but  they  do  not  show  more  nitrogen  in  the  surface  soil. 

One  is  tempted  to  ask  whether  the  crops  well  supplied  with  phos- 
phates and  nitrogen  have,  under  the  influence  of  potassium  salts  (with, 
in  many  cases,  sodium  and  magnesium  salts  as  well),  had  less  difficulty 
in  feeding  themselves  than  those  of  the  plats  Prom  which  potassium 
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sails  have  been  withheld;  and  whether  in  consequence  their  root 
development  lias  been,  in  proportion  to  above-ground  growth,  less 
than  in  the  ease  of  the  plats  less  completely  manured.  Less  annual 
root  development  would  mean  less  root  residue.  Or,  again,  has  the 
increased  assimilative  power  conferred  upon  the  plant  by  potash 
caused  the  above-ground  growth  to  abstract  from  the  roots,  before 
maturity  and  death,  more  of  the  nitrogen  taken  Qp  by  the  roots  pre- 
paratory to  utilization  for  the  ultimate  plant  processes?  On  the  other 
hand,  we  must  not  forget  that  we  are  for  the  moment  speaking  as 
though  the  first  '.»  inches  comprised  the  whole  of  the  soil  ranged  over 

by  the  roots.  The  roots  of  wheat  go  very  deeply  down  into  the  sub- 
soil, and  under  different  treatments  the  depth  of  root  range  no  doubt 
varies,  and  the  luxuriance  of  rootlet  development  in  different  layers 
of  the  subsoil  probably  also  varies.  And  unfort unately  t he  irregulari- 
ties of  the  subsoil  render  it  difficult  to  trace  and  compare  quantita- 
tively the  accumulations  of  organic  nitrogen  in  the  subsoil.  Some  of 
the  subsoils  Show  accumulations  in  the  direction  in  which  we  should 
expect  to  find  them,  while  others  do  not.  Or  again,  may  it  be  that 
the  denser  and  more  vigorous  growth  of  the  wheat  has  allowed  less 
grow  th  of  weeds  on  the  more  richly  yielding  plats — weeds  being,  how- 
ever evil  their  habits,  at  least  conservators  of  the  nitrogen  that  they 
steal'.-'  There  is  yet  another  view  of  the  matter  which  is  not  new,  but 
which  should  betaken  into  account,  and  which  has  been  referred  to 
In  earlier  communications  from  Kothamsted.  It  is  that  the  accumu- 
lation of  nitrogen  under  varying  circumstances  has  its  varying  but 
necessary  limitations — points  of  increase  at  which  an  equilibrium 

tends  to  establish  itself.  Such  equilibrium  is  reached  when  the  annual 
decomposition  of  root  residue  and  the  final  resolution  of  its  nitrogen 
into  the  form  of  nitrates,  ami  consequent  annual  drainage  loss,  equals 
the  annual  accumulation  in  root  residues.  It  has,  indeed,  been  pre- 
viously pointed  out  to  you  by  Professor  Warington  that  as  these 
decompositions  are  the  work  of  armies  of  living  organisms,  which 
must  increase  as  their  pabulum  increases,  the  very  accumulation  of 
root  residue  furnishes  an  indirect  means  for  its  own  increased  destruc- 
tion. It  is  therefore  possible  that  the  somewhat  decreased  percentage 
of  nitrogen  on  the  most  productive  plats  as  compared  with  those  of 
plats  somewhat  less  productive  may  be  due  to  some  such  reaction  of 
natural  agencies  working  toward  the  establishment  of  the  final  equi- 
librium which  we  must  expect  to  be  inevitably  reached  under  any  con- 
stant form  of  treatment. 

Perhaps,  however,  one  is  led  to  refine  too  much,  ami  it  may  be  that 
the  general  harmony  that  otherwise  prevails  in  this  table  of  results 
lea<l>  one  to  exaggerate  the  extent  or  significance  of  the,  after  all. 
Blight  deviations  of  these  plats  from  the  rule  to  which,  in  a  broad 
sense,  they  may  still  be  said  to  conform,  viz.  that  the  greater  the 
annual  crop,  and  therefore  the  greater  the  quantity  of  nitrogen 
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removed  in  it  from  the  soil,  the  greater  is  the  quantity  of  nitrogen 
stored  in  the  soil  by  accumulated  crop  residues,  and  so  saved  from  loss 
in  drainage. 

PLATS  5  TO  8  (ALL  FULLY  SUPPLIED  WITH  MINERAL  MANURES,  BUT 
RECEIVING  DIFFERENT  DRESSINGS  OF  AMMONIUM  SALTS). 

This  becomes  still  clearer  if,  instead  of  regarding  the  whole  series 
of  chemically  manured  plats,  differing  so  much  both  in  mineral  and 
in  nitrogenous  treatment,  we  select  for  consideration  certain  of  them 
which,  owing  to  their  comparative  treatment,  are  very  strictly  com- 
parable. Let  us,  for  instance,  tabulate  plats  5  to  8,  all  of  which 
receive  annually  the  same  full  dressing  of  minerals  (superphosphate, 
with  potassium,  sodium,  and  magnesium  salts),  but  are  very  differ- 
ently treated  nitrogenously. 

Table  23. — Broadbalk  wheat  soils,  1SD3 — Plats  5,  6,  7,  and  S,  all  annually  manured 
with  a  liberal  supply  of  superphosphate  and  of  potassiiun,  sodium,  and  magne- 
sium salts. 

[First  9  inches  only.] 


Nitrogen 
per  acre 
added  an- 
nually in 
ammoni- 
um salts. 

Annual  to- 
tal weight 

of  grain 
and  straw 
(42  years' 
average). 

Nitro- 
gen. 

Carbon. 

Excess 
of  crop 
per  acre 
as  com- 
pared 
with 
plat  5. 

Excess  of 
nitrogen 

per  acre  in 
first  9 
inches  as 
compared 

with  plat  5. 

Excess  of 

carbon 
per  acre  in 
first  9 
inches  as 
compared 
with  platS. 

Plat  5  

Pounds. 

Pounds. 
2,242 
3,842 
5,629 
6,613 

Per  cent. 
0. 1013 
.1107 
.1222 
.1188 

Per  cent. 
0. 931 
1.019 
1.101 
1.138 

Pounds. 

Pounds. 

Pounds. 

Plat  6  

43 
86 
129 

1,600 
3,387 
4.371 

244 
542 
454 

2.282 
4.408 
5,367 

Plat  7  

Plat  8  

In  the  presence  of  a  full  supply  of  minerals  it  will  be  seen  that  there 
was  a  progressive  increase  in  crop  with  a  gradual  increase  of  the  ammo- 
nium salts.  The  annual  application  of  86  pounds  of  nitrogen  in  the 
form  of  ammonium  salts  gives  about  double  the  increase  obtained  by 
the  use  of  -43  pounds.  A  further  increase  of  ammonium  salts  pro- 
duces a  still  greater  crop,  but  the  gain  is  no  longer  proportional.  In 
fact,  speaking  generally,  season  by  season  it  is  noticed  at  Rothamsted 
thai  in  the  presence  of  a  full  supply  of  minerals  the  first  43  pounds 
of  nitrogen  (as  ammonium  salts)  produces  9  bushels  of  wheat;  the 
second  43  pounds  produces  9  bushels  more,  making  18  bushels  of 
wheat  for  86  pounds  of  nitrogen;  but  the  third  43  pounds,  making  a 
supply  of  129  pounds,  produces  a  further  increase  of  only  3  bushels  of 
wheat  ,  and  the  crop,  it  may  be  observed,  is  usually  overgrown  and 
"laid." 

It  will  be  seen  that  the  increase  in  accumulation  of  nitrogen  in  the 
surface  soil  in  plats  6  and  7  (receiving  respectively  43  pounds  and  86 
pounds  of  nitrogen  per  acre  per  annum)  as  compared  with  plat  5 
(without  nitrogen)  is  respectively  244  pounds  and  542  pounds,  corre- 
sponding very  nearly  to  the  doubling  of  the  annual  increase  in  the 
crop. 
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On  plat  8,  where  a  still  larger  quantity  of  ammonium  salts  is  used, 
and  where  the  increase  of  crop  is  much  less,  there  does  not  appear  to 
be  any  further  accumulation  of  nitrogen  as  far  as  the  first  0  inches 
are  concerned. 

If,  however,  we  take  the  second  and  third  depths  into  account,  we 
certainly  find  considerably  larger  accumulations  in  plat  S  than  in 
plat  7.  Indeed,  the  proportion  between  the  excess  of  crop  and  the 
excess  of  nitrogen  accumulated  in  the  case  of  plat  8  agrees  more 
nearly  with  that  of  plat  5  than  does  the  proportion  in  the  case  of  plat 
7.  The  following  further  table  shows  the  results  found  in  27  inches 
of  soil : 

Table  2±.  —  f>ro<t<lh<tlk  wheat  soils.  !S!>.;— Plats      ?,  ami  S  further  compared. 


[  First  -'T  laches.  | 


Nitrogen 

1>«t  a-  r»- 

added 
iinmuilly 
in  am- 
monium 

Excels  of 
crop  per 
acre  as 
compared 
with  plat  S 

Excess  of 

nitoffM 

per  a«-r«-  in 

first  T, 
inches  as 
compared 

with  plat  .">. 

Excess  of 
carl>on 
per  acre  in 
tirst-*7 
inches  as 
compared 
with  plat  Sl 

Pounds. 

Pmtnds. 

Pounds. 

Pounds. 

43 

1,600 

US 

1,701 

Plat  7  

m 

8,807 

818 

£ 

un 

415 

5,H44 

Whether  we  take  the  first  '.»  inches  only  or  the  first  '27  inches,  the 
increase  in  organic  carbon  Is  greater  as  the  supply  of  nitrogen  and  t  he 
growth  of  crops  have  been  greater,  though  aot  in  direct  proportion, 
the  low  percentage  of  carbon  in  the  samples  representing  the  second 
and  third  depths  of  plat  7  disturbing  an  otherwise  reasonably  close 
concordance  in  the  proportion  of  crop  Increase  and  of  increase  in 
residual  carbon.  But  once  again  it  must  be  remembered  that  the 
subsoil  irregularities  prevent  a  too  close  reasoning  upon  1  he  figures 
yielded  by  their  analyses  for  total  nitrogen  and  total  carbon. 

In  fact,  the  irregularit  ies  of  the  subsoils  leave  us  unable,  from  direct 
evidence,  to  decide  whet  her  or  not  the  natural  subsoil  nitrogen  either 
diminishes  by  contributing  to  plant  food  on  the  one  hand,  or  is  aug- 
mented by  crop  residue  on  t  he  ot  her,  so  far  as  the  continuously  cropped- 
wheat  land  is  concerned. 

PLATS  10a,  11,  13,  AND  7  (ALL  RECEIVING  LIKE  DRESSINGS  OF 
AMMONIUM  SALTS,  BUT  DIFFERING  IN  MINERAL  TREATMENT). 

Before  passing  on,  I  must,  at  t ho  risk  of  being  tedious,  direct  spe- 
cific attention  to  \vt  another  combination  of  plats,  viz,  10a,  11,  13, 
and  7.  The  members  of  the  series  we  have  just  been  discussing  were 
all  alike  in  being  fully  manured  with  phosphates  and  potassium, 
sodium,  and  magnesium  salts,  differing  only  in  their  nitrogenous  treat- 
ment.   Now,  the  following  plats  are  alike  in  that  they  have  all  for 
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fifty  years  received  ammonium  salts  containing  the  same  quantity  of 
nitrogen,  viz,  86  pounds  per  acre,  but  their  mineral  treatment  has 
varied. 


Table  25. — Broadbalk  tcheat  soils,  1893 — Plats  10a,  11,  13,  and  7,  all  annually 
manured  with  ammonium  salts  containing  86  pounds  nitrogen  per  acre. 


Mineral  manure. 

Total 
annual 
weight 
of  wheat 

and 
straw  (42 
years1 
aver- 
age). 

First  9  inches 
only. 

Annual 

excess  of 

Excess  of 
nitrogen 
per  acre 
in  first  9 
inches, 
as  com- 
pared 
with  plat 
10a. 

Excess  of 
carbon 

per  acre 

in  first  9 
inches, 
as  com- 
pared 

with  plat 
10a. 

Nitro- 
gen. 

Car- 
bon. 

crop  per 
acre, as 
com- 
pared 
with  plat 
10a. 

Plat  10a . 
Plat  11  .. 
Plat  13 

Plat  7  ... 

None  

Pounds. 
3, 104 
3,988 
5,365 

5,629 

Per  ct. 

0. 1069 
.1131 
.  1162 

.1222 

Per  ct. 
1.049 
1.107 
1.165 

1.101 

Pounds. 

Pounds. 

Pounds. 

Superphosphate.  

Superphosphate  and  potassium 
salts. 

Superphosphate  and  potassium, 
sodium,  and  magnesium  salts. 

884 
2,261 

2,525 

160 
241 

396 

1,503 
3,007 

1,348 

Here  again  we  see  that,  as  the  crop  has  increased  on  the  minerally 
manured  plats,  under  the  influence  of  more  complete  feeding,  so  has 
the  excess  of  nitrogen  in  the  surface  soil  increased  again  in  proper 
sequence,  though  not  in  direct  proportion. 


NITROGEN  ACCUMULATIONS  AS  CROP  RESIDUE. 

Now  a  study  of  the  previous  series  (5,  6,  7,  and  8)  led  clearly  to  the 
conclusion  that  the  increase  in  soil  nitrogen  followed  increased  crop, 
increased  crop  following  an  increase  of  nitrogen  applied  as  ammonium 
salts,  provided  that  plenty  of  minerals  were  also  applied.  But  from 
those  plats  alone — save  perhaps  from  the  carbon  results — we  could 
not  draw  any  valid  conclusion  as  to  whether  the  excess  was  really 
rescued  nitrogen  existing  as  crop  residue  or  whether  it  was  actually 
an  accumulation  of  manure:  The  series  10a,  11,  13,  and  7,  however, 
now  considered,  forms  a  complement  to  the  other  series,  showing  that 
even  when  the  application  of  nitrogen  is  constant,  the  smaller  the 
crop  the  less  of  it  is  retained  in  the  soil.  The  more  completely,  by 
the  supply  of  minerals,  t  he  crops  have  been  enabled  to  utilize  the 
nitrogen  supplied,  the  more  have  they  accumulated  in  the  soil;  and 
conversely,  the  less  that  is  utilized  the  less  is  retained. 

That  whatever  storage  of  manurial  nitrogen  from  inorganic  sources 
(such  as  ammonium  salts  or  sodium  nitrate)  takes  place  in  the  soil, 
occurs  in  the  form  of  crop  residues — that  is  to  say,  as  the  remains  of 
roots,  Stubble,  and  the  debris  of  weeds — broken  down  and  modified 
by  the  influence  of  the  worms,  insects,  fungi,  and  bacteria  that  feed 
upon  them,  is  not  a  new  conclusion.  It  was  arrived  at  long  since  at 
Rothamsted,  and  has  been  largely  supported  by  the  study  of  the  com- 
position of  the  drainage  waters  from  the  pipe  drains  of  the  wheat  plats, 
as  well  as  by  1  he  results  of  earlier  analyses  of  the  soil;  and  the  case 
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is  very  clearly  argued  in  a  Rothamsted  paper  <k()n  the  amount  and 
composition  of  the  rain  and  drainage  waters  collected  at  Rothamsted  : 
(Lawes,  Gilbert,  and  Warington),  published  in  1881  and  1882,1  more 
particularly  in  that  part  of  the  article  published  in  18Si\  The  matter 
was  also  discussed  with  you,  and  illustrated  from  earlier  analyses  by 
Professor  Warington  in  his  lectures  in  1S01,  and  again  in  a  different 
form,  but  witli  a  like  purport,  by  Sir  Henry  Gilbert  in  his  lectures  to 
you  in  1  vi.i.  Although  the  matter  has  been  already  so  fully  discussed, 
it  has  been  to  me,  and  I  hope  may  be  to  you,  an  interesting  task  to 
examine  some  of  the  further  evidence  on  the  subject  yielded  by  these 
latest  and  most  interesting  analyses,  viz,  those  of  the  181*3  samples  to 
which  we  have  so  far  been  confining  our  attention. 

LOSS  OF  NITROGEN. 

The  following  table  (Table  26),  prepared  on  I  he  lines  of  others  used 
in  the  earlier  discussions  of  the  subject,  shows  at  a glance  the  estimated 
annual  removal  of  nitrogen  in  crops  in  fifty  years,  and  the  average 
annual  accumulation  of  nitrogen  in  the  surface  soil,  as  compared  with 
plat  calculated  from  the  present  excess  found  by  actual  analysis  of 
the  IS!):}  samples.  It  also  shows  the  nitrogen  annually  supplied  in 
manure,  and  the  balance  annually  lost  by  drainage,  or  at  any  rate  not 
found  in  the  surface  soil. 


T \r.u:  Ji',.  -liroaiHudk  reheat  soils,  sampled  in  October,  /sn.J— Nitkooen  in  manure, 
crops,  awl  soil,  ami  not  accounted  for,  on  carious  chemically  manured  plats. 


Nitrogen. 

Plat 

3. 

Plat 

5. 

Plat 

7. 

Plat 
10a. 

Plat 

10b. 

Plat 
11. 

Plat 
It 

Plat 

IS. 

Flat 
14. 

Approximate  average   annual   yield  in 
crops  over  ">u  years  n     

/As. 

lit 

I.hs. 
34 

Lhs. 
49 

Lbs. 
32 

Lbs. 
:if, 

Lbs. 

39 

Urn. 
41 

Lbs. 
45 

Lbs. 
44 

Average  annual  yield  in  excess  of  plat 8 
i  uninanured)  

5 

:»» 

IB 

16 

80 

22 

26 

25 

Average  annual  accumulation  of  nitrogen 
in  the  surface  i  first !» inches)  soil,  as  com- 
pared with  plat  :5 1  i.  e.,  one-hftieth  of  the 
excess  over   plat   :i  found  !>y  analysis 
after  SO  years)  



1 

U 

4 

4 

7 

101 

9 

134 

Total  annual  excess  over  plat  3  in 
crops  and  in  first  9  inches  of  soil 

1 

42 

17 

86 

2<t 

27 
86 

32* 
86 

35 

384 
86 

Nitrogen  supplied  annually  in  manure. 



86 

86 

86 

Balance  annually  (on  the  average) 
not  accounted  for  in  crops  or  soil- 
increase  in  first  9  inches,  and  for 
the  most  part  lost  by  drainage 

/>6 

44 

69 

66 

59 

m 

51 

47i 

a  This  quantity  is  based  on  actual  analyses  of  the  produce  over  forty  years,  and  on  an  estimate 
(made  from  the  crop  yield  of  each  plat)  for  the  earner  years  in  which  analyses  of  the  grain  and 
straw  were  not  made.  The  average  annual  estimates,  though  rough,  are  probably  correct 
within  about  1  pound  per  acre. 

6Gain. 


Actual  analyses  of  the  drainage  waters  running  from  the  pipes  show 
quantities  of  nitrates  which  go  far  toward  accounting  for  the  lost 


1  Journal  of  the  Royal  Agricultural  Society  of  England,  2.  ser.,  17  (1881) .  pp.  241- 
271);  18  (1882),  pp.  1-71. 
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nitrogen,  but  the  drainpipes  only  discharge  a  fraction  of  the  total 
drainage,  and  a  large  quantity  of  drainage  must  often  find  its  way 
downward  below  the  level  of  the  drainpipes  when  the  pipes  are  not 
running,  and  even  when  they  are. 

Most,  if  not  all,  of  the  loss  on  the  chemically  manured  plats  may 
therefore  be  said  to  be  in  the  form  of  nitrates.  It  is  possible  that 
under  certain  conditions  of  weather  there  may  be  slight  loss  by  evo- 
lution of  free  nitrogen  from  the  crop  residues  of  the  surface  soil  on 
these  plats,  but  there  is  no  evidence  to  show  that  any  of  the  nitrogen 
added  in  the  form  of  chemical  manures  is  thus  lost.  But  fermentative 
decomposition  involving  evolution  of  free  nitrogen  no  doubt  takes 
place  on  the  heavily  and  continuously  dunged  plats,  with  their  high 
quantity  of  organic  matter,  and  in  a  less  degree  on  the  rape-cake  plat. 
It  is  to  be  borne  in  mind,  however,  that  the  quantity  of  dung  used  in 
these  continuous  wheat-growing  experiments  is,  on  the  yeaiTy  average, 
far  less  than  would  be  used  in  practical  agriculture  on  any  of  the 
rotation  systems. 

NITROGEN  AND  CARBON  IN  THE  SUBSOILS. 

And  now  I  would  for  a  brief  space  divert  your  attention  to  the  sub- 
soil nitrogen  rather  than  to  the  surface  nitrogen. 

We  have  seen  that  it  is  not  clear  that  even  the  higher  subsoil  has 
either  contributed  nitrogen  to  the  crops  or  has  accumulated  nitrogen 
from  crop  residues,  i.  e.,  from  the  indirect  effects  of  manures;  nor, 
indeed,  is  it  clear  how  far  the  subsoil  has  contributed  nitrogen  to  the 
nitrates  found  in  or  passing  through  the  subsoils,  though  we  have,  as 
we  shall  see  hereafter,  some  evidence  that  active  nitrification,  at  any 
rate,  does  not  occur  in  the  lower  subsoil.  This  statement  as  to  the 
absence  of  evidence  of  accumulation  from  crop  residues,  however, 
must  be  restricted  as  referring  to  evidence  of  accumulation  during 
the  experimental  period  of  fifty  years  during  which  the  soil  has  been 
under  continuous  wheat  cultivation.  The  diminution  of  nitrogen 
from  the  surface  as  we  go  downward  into  the  subsoil  is,  however,  for 
a  certain  range  gradual  and  clearly  points  to  accumulations  in  the 
pas1 . 

It  is  convenient  to  consult  here  a  summary  table  that  has  been  pre- 
pared from  Table  11  so  as  to  show  the  nitrogen,  carbon,  etc.,  in  the 
average  of  all  the  Broadbalk  soils  at  each  depth. 
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Tahlk   2:.—Jln>aillHilk-  irhcuf    sails,  sampted  in   October,  1893 — NlTBOOEM  and 
carbon  in  fine  dry  soil,  ghowing  averages  for  aU  plate  at  different  depths. 

[Extracted  from  Table  11.] 


Depth. 


Num- 
ber of 
plats. 


Start  8  inches  |  uxcludin^ 
Si  and  2b)  

First  I  inches  tall  plats)  . 

Second  9 inches  

Third  !•  inch,  s   

Fourth  9  iuches  

Fifth  inches  

Sixth  U  inches  

Seventh  9  inches  

Eighth  9  inches   . 

Ninth  8  inches  .  

Tenth  9  inches  

First  ^'7  un  h. ^  Bxetadteg 

2a  and  8b)  

First  27  inches  tall  plats  i 

First  '.I  inch.'-   

First  90  inches  


T"tal  een  as 
«en-  trates. 


Per 
MM 
II  111!' 


1222 

JI7S4 
.0888 
.0611 
.0178 
.0180 
.0180 
•  tfitii 

ICP.I1 

.0875 


Per  mil 

Hull. 
.Vlll 

5.  20 
8.SJ 
ft  68 
8.  SB 
1.71 
1  tt 
LIS 
1.44 
I.  15 
1  08 


Per  acre. 
Car"      Total  !  Nitr°" 
8en  trates. 


n  r 

ccn/. 
1.07H 


2.977 


U.s. 
18.00 


Car- 
bon. 


/./«. 
27.  SSI 


Ratio  of 


Carbon  Nitro- 
to  1    |  gen  to 
nitro-  U»o  car- 
gen,  bon. 


1.155     3.133      13.3*  29,594 


.  tV4<  l 
188 
339 
279 
898 
818 

.215 
180 

.  I  s.s 


2.1195 
1,880 
I,  »23 
1,361 
1.22l» 
1,188 
1,188 
1.171 


8i  n 

9.  '.'I 
8  tn 
1  97 
I  in 
t  IKI 

»  18 

:;  M 


17.093 
1!.7:^. 
8,  M6 

S,  1 1  Hi 

7.2V, 
r,088 
r..  186 
5. twin 


1,188  :;  IS 

6.932  47.su  58.529 

7,068  18.80  60,  on 

13.273  «  08  '•»••..  186 

U6.48B  84.81  108,880 


9.  I 


10.7 


S.2 
7.4 
H.ti 
5.  !• 
5.9 
:.  9 
5.4 
i  - 
5.11 


in  8 

12  2 

13  5 
15  1 
16.9 
18  8 
18  0 
I-  i 
2ii  7 
80.0 


It  will  be  seen  that  then-  is,  <>n  t he  average,  a  higher  percentage  of 
nitrogen  in  the  higher  than  In  the  lowyr  layers  of  the  subsoil.  'Phis 
Is  clear  down  to  Hie  tifih  or  sixih  depth,  below  which  the  range  is 
distinctly  lower.  The  individual  plats  may  be  studied  in  detail  In 
Table  11,  and  it  may  be  said  that  when  in  any  case  the  percentage  is 
materially  below  about  (MM  to  0.045,  notes  taken  at  the  lime  of  col- 
lect ion  of  t  he  samples  generally  show  that  there  was  in  them  a  higher 
proportion  of  sand  or  gravel  with  the  clay,  or  even,  at  the  lower 
depths,  some  chalk.  The  indication  seems  to  be  that  the  higher 
percent  ages  of  nitrogen  from  the  upper  soil  down  to  the  fifth  or  sixth 

depth,  i.  e.,  roughly  to  about    1    feet,  may  be  attributed  to  gradual 

distribution  downward  through  centuries  of  surface  supplies  or 
accumulations,  in  the  collect  ion  of  which  leguminous  vegetat ion  has 
do  doubt  played  its  pan.  and  when  a  natural  permanent  turf  also 
helped  to  conserve  the  small  annual  contributions  of  nitric  nitrogen 
from  the  rain  and  atmosphere,  and  to  minimize  the  loss  of  nitrates 
by  nat  ural  drainage. 


CARBON  AND  RATIO  OF  CARBON  TO  NITROGEN. 

It  is  at  this  point  interesting  to  consider  the  results  showing  the 
percentage  and  quantity  per  acre  of  carbon  in  the  soils  and  subsoils. 
They  may  be  si  iidied  in  detail  in  the  full  statement  contained  in  Table 
11,  but  space  may  not  here  be  devoted  to  a  full  consideration  of  each 
plat.  Generally  speaking,  the  carbon  in  the  upper  subsoil  is  closely 
related  to  the  nitrogen,  and  its  fluctuations,  like  those  of  the  nitrogen, 
in  the  upper  depths  are  to  be  attributed  to  comparatively  recent  crop 
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residues.  In  the  surface  soil  the  ratios  of  carbon  to  nitrogen  vary 
only  from  9: 1  to  10: 1;  but  if  two  plats  be  excluded  (2b  and  13)  the 
ratio  varies  only  from  9:1  to  9.8:1,  the  average  being  9.4:1.  The 
actual  percentage  of  carbon  varies  from  0.888  on  plat  3  (unmanured) 
to  2.230  on  plat  2b  (permanently  dunged).  Excluding  the  dunged 
plats,  it  averages  1.076  per  cent,  or  27,800  pounds  of  carbon  per  acre. 

In  the  second  depth  the  variations  in  carbon  on  all  the  plats  lie 
between  0.530  per  cent  and  0.748  per  cent,  the  latter  representing  the 
dunged  plat.  Excluding  this,  the  range  is  from  0.530  to  0.727,  and 
the  average  is  0.640  per  cent,  or  17,093  pounds  per  acre.  The  ratio 
of  carbon  to  nitrogen  ranges  from  7.6:1  to  9.7:1,  but  if  two  plats 
(viz,  the  dunged  and  rape-cake  plats)  be  excluded,  the  range  is  from 
7.6:1  to  8.7:1,  averaging  8.2:1. 

In  the  third  depth  the  percentage  of  carbon  shows  a  range  of  from 
0.426  to  0.587  (or  from  0.426  to  0.535  if  we  exclude  the  rape-cake 
plat),  and  averages  0.492  per  cent,  or  13,735  pounds  per  acre.  The 
ratio  of  carbon  to  nitrogen  ranges  from  6.7: 1  to  8.2:  J  (or  to  7.8:1  if 
we  exclude  the  rape-cake  plat),  the  average  ratio  being  7.4: 1. 

In  the  fourth  9  inches  we  find  a  range  of  carbon  from  0.263  per  cent 
to  0.414  per  cent,  with  an  average  of  0.339  per  cent,  or  9,445  pounds 
per  acre.  The  ratio  of  carbon  to  nitrogen  varies  from  5.6:1  to  7.8: 1, 
and  averages  6.6: 1. 

In  the  fifth  9  inches  the  carbon  drops  still  lower,  ranging  from 
0.229  per  cent  to  0.332  per  cent,  and  averages  only  0.279  per  cent,  or 
8,106  pounds  per  acre.  The  ratio  of  carbon  to  nitrogen  varies  from 
5.0:1  to  7.1:1,  and  averages  5.9:1. 

In  the  sixth,  seventh,  and  eighth  depths  the  individual  variations 
are  smaller,  save  from  irregularities  of  sand,  etc.,  such  as  have  been 
mentioned.  The  percentages  of  carbon  fall  but  very  gradually,  aver- 
aging  0.256,  0.248,  and  0.215  (from  7,255  to  6,165  pounds  per  acre). 
The  average  carbon  to  nitrogen  ratios  are  5.9:1  in  both  the  sixtli  and 
seventh  depths,  and  5.4:1  in  t  he  eighth. 

In  the  ninth  and  tenth  depths  (4  plats  only),  the  quantities  of  car- 
bon average  only  0.  L89  per  cent  and  0.188  per  cent,  or  5,669  and  5,636 
pounds  pei-  acre;  but  one  plat  shows  in  these  two  depths  as  much  as 
0.225  per  cent  and  0.258  per  cent  (or  6,75S  and  7,745  pounds,  respec- 
tively, per  acre). 

The  table  (Table  27)  already  given  shows  all  the  averages  at  one 
glance,  and  shows  well  the  diminution  of  the  ratio  of  carbon  to  nitro- 
gen and  the  converse  increase  in  the  ratio  of  nitrogen  to  carbon. 

The  depth  at  which  the  carbon  ceases  to  show  any  marked  diminu- 
tion coincides  with  the  depth  at  which  the  nitrogen  ceases  to  diminish 
much,  viz,  a1  the  fifth  to  sixth  depth.  There  also  the  ratio  of  carbon 
to  nitrogen,  which  has  been  rapidly  dwindling  from  the  surf  ace  down- 
ward, suddenly  ceases  to  diminish.  It  seems  that,  we  at  this  point 
come  to  the  depth  at  w  hich  the  nitrogen  and  carbon  are  little  influ- 
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enced  by  past  surface  accumulations  or  crop  residues,  and  get  only, 
or  mainly,  the  nitrogen  and  carbon  naturally  indigenous  to  the  clay 
itself. 

NITROGEN   CONTENTS  OF  VARIOUS   OTHER  ROTHAMSTED 

SUBSOILS. 

With  regard  to  the  question  of  subsoil  as  compared  with  surface 
nitrogen,  it  is  here  relevant  to  ask  how  the  Broadbalk  wheat  field 
compares  with  other  fields  and  clays  from  other  sources.  By  the 
kindness  of  Sir  Henry  (Gilbert,  who  has  spent  much  time  in  their  con- 
sideration and  tabulation,  I  am  able  to  present  here  the  averages  of 
a  very  large  number  of  nitrogen  determinations  in  different  depths  of 
different  fields  at  Kothamsted.  Indeed,  the  results  represent  1,810 
different  samples  taken  in  various  places  from  the  different  plats,  the 
nitrogen  determinations  being  for  t he  most  part  made  on  a  mixture 
of  the  samples  represent ing  each  plat  sampled  at  each  depth  and  at 
each  date  of  collection.  The  results,  however,  are  derived  from  1,8-40 
separate  nitrogen  determinations.  As  the  results  on  all  the  earlier 
samples  were  obtained  by  the  soda-lime  method,  the  soda-lime  results 
for  the  189.'}  wheat  soils  are  in  this  case  taken  for  comparison. 

We  have  results  for  the  following  series  of  samples: 

Broadbalk  wheat field. — Samples  collected  in  is»;r>,  issi,  iss?,  and 
1893. 

HoOS  fit  U /.  -Samples  collected  in  1881  from  wheat  and  clover  land; 
in  1S8-,  ISS.'J,  and  1SS.5  from  leguminous  land  and  wheat  fallow,  and 
in  1SC>S  and  1SK:2  from  the  barley  plats. 

AgdeU  field. — Samples  collected  from  rotation  plats  in  L867,  1874, 
and  1883-84. 

Bam  field.  -Various  samples  collected  in  1870  from  root  land. 

In  a  great  number  of  cases  the  sampling  has  been  carried  down 
to  twelve  depths  or  !)  feet.  Tables  28  and  '2U  show  not  only  the  per- 
centages of  nitrogen  in  the  line  dry  soil,  but  also  the  (plant it ies  of 
tine  dry  soil  and  stones  per  acre.  The  various  series  of  samples  are 
recorded  separately  in  the  large  tabic  (Table  28),  while  in  the  smaller 
table  (Table  29)  they  are  condensed  so  as  to  give  only  the  averages 
of  the  various  series  for  each  of  the  four  fields,  but  showing  also  the 
mean  results  for  the  whole  17  sets  of  samples. 
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Table  29. — Average  weight  of  fine  dry  soil  and  of  stones  per  acre  in  different 
experimental  fields  at  Rothamsted  and  at  different  depths;  also  average  per- 
centages of  nitrogen  in  the  fine  dry  soils  at  the  respective  depths. 

[Summary  for  each  field— Broadbalk,  Hoos,  -Agdell,  and  Barn  fields.] 

AVERAGE  WEIGHTS  OF  FINE  DRY  SOIL  PER  ACRE. 


Depth. 


Broadbalk 
field— sam- 
ples col- 
lected 1865, 
1881,  1887, 
and  1893. 


Hoos  field- 
samples  col- 
lected 1881, 

1882.  1883, 
and  1885 

(from  legu- 
minous 
land ) :  1881, 

1883,  and 
1885  (from 

wheat 
fallow); 
1868  and 
1882  (from 
barley- 
land). 


Agdell 
field— sam- 
ples col- 
lected 1867, 
1874,  and 
1883-81. 


Barn  field- 
samples  col- 
lected April, 
1870  (from 
root  land. 


First  9  inches  

Second  9  inches  . . 

Third  9  inches  

Fourth  9  inches  . . 

Fifth  9  inches  

Sixth  9  inches  .  . . 
Seventh  9  inches  . 
Eighth  9  inches . . . 

Ninth  9  inches  

Tenth  9  inches  

Eleventh  9  inches 
Twelfth  9  inches  . 


Pounds. 
2,558,912 
2,592,259 
2,814,991 
2,886,-339 
2,917,681 
2,955,543 
2,814,612 
2,888,789 
2,938.868 
2, 868. 118 
2.SO4.970 
2,795, 772 


Pounds. 
2,593,290 
2,720,656 
2,890,627 
3.047.939 
3.074,563 
3.012.298 
3,016, 107 
2.952,629 
2. 924, 185 
2,865,290 
2.760,455 
2,817,918 


Pounds. 
2,347,580 
2,448,399 
2,532,703 
2,441,895 
2,465,262 
2,587,276 
2,517,401 
2. 654, 461 
2,589,332 
2,478,854 
2,610,067 
2,644,314 


Pounds. 
2,321,160 
2,673,095 
2,650,950 


AVERAGE  WEIGHTS  OF  TOTAL  STONES  PER  ACRE. 


First  9  inches  

Second  9  inches.. 
Third  9  inches 
Fourth  9  inches  . . 

Fifth  9  inches  

Sixth  9  inches  

Seventh  9  inches  . 
Eighth  9  inches ... 

Ninth  9  inches  

Tenth  9  inches  

Eleventh  9  inches 
Twelfth  9  inches  . 


497, 
443, 
212. 
163, 
202, 
144, 
282. 
210, 
162. 
183, 
K57, 
176, 


480, 640 
346, 120 
238,244 
170,440 
164,834 
190,302 
114,259 
141.802 
179.368 
209.074 
248. 766 
804,905 


837.352 
480, 133 
363.038 
476. 574 
52:5.083 
289.  4  i7 
472, 762 
404, 655 
402.  734 
528. S91 
397.021 
274, 700 


AVERAGE  PERCENTAGES  OF  NITROGEN  IN  FINE  DRY  SOIL. 


First  9  inches  

Second  9  inches. . 
Third  9  inches ... 
Fourth  9  inches . 

Fifth  9  inches  

Sixtli  9  inches 
Seventli  9  inches 
Eighth  9  inches. . 
Ninth  9  inches. .. 
Tenth  9  inches 
Eleventh  9  inches 
Twelfth  9  inches. 


Per  ret. 
0.1145 
.0724 
.  0598 
.0488 
.0428 
.0393 
.0368 
.0368 
.0350 
.0858 
.0376 
.0286 


Per  cent. 
0.1098 

.  0870 
.0571 
.0469 
.0440 
.0463 
.0439 
.  042IJ 
.0401 
.0886 
.0431 
.  0415 


Per  cent. 
0. 1273 
.  0727 
.  0028 
.0513 
.0405 
.0447 
.0437 
.(1114 
.0138 
(1111 
.0417 
.0402 


Pe 


cent. 

0. 0973 
.065 1 
.  0577 


A  study  of  these  tables  (28  and  20)  will  show,  in  the  first  place,  that 
in  the  case  of  the  soils  of  the  first  '.»  inches,  or  surface  depth,  the 
mean  pereentages  of  nitrogen  in  I  lie  soils  of  each  of  t  lie  fields  varies 


THK    BROADBALK    WHEAT  SOILS. 


59 


according  to  the  crop  grown  and  according  to  other  circumstances, 
bm  that  in  the  subsoils  of  the  second  to  the  sixth  or  seventh  depths 
it  gmdoaDy  declines,  although  the  mean  percentage  is  very  similar  at 
corresponding  depths  in  t lie  three  fields — Broadbalk,  Boos,  and 
Agdell.  Below  the  sixth  <  1 « * i>r li .  however,  there  is  less  evidence  of 
any  regular  declension  either  in  I  loos  or  Agdell  field,  but  in  the  case 
of  the  Broadbalk  soils  the  percentages  rang''  distinctly  lower  than  in 
the  other  fields.  Reference  to  notes  made  at  the  time  of  collection  of 
the  samples,  however,  showslhat  these  lower  percentages  are  to  be 
correlated  with  larger  proport ions  of  sand  or  chalk  intermixed  with 
the  clay  subsoils,  the  mingling  of  chalk  especially  all'ecting  the  lowest 
depths.  It  is  to  be  observed  thai  in  the  case  of  the  other  fields  the 
normal  clayey  subsoil  of  the  six  lower  depths  contains  an  average  of 
rather  over  'U>4  per  cent  of  nitrogen,  as  determined  by  soda-lime, 
with  little  evidence  of  gradual  decline. 

NITROGEN  AND  CARBON  IN  OTHER  CLAYS  AND  DEEP  DEPOSITS. 

With  reference  to  this  apparently  indigenous  nitrogen  percentage, 
it  should  here  be  recorded  that  some  determinations  of  nitrogen  were 
made  in  the  Kothamsted  laboratory  in  L874,  in  a  sample  of  the  Oxford 
•lay  obtained  in  the  Snb-Wealden  exploration  boring  at  Battle,  at  a 

depth  of  from  5^0  to  <)<  XI  feet .     This  showed,  OD  an  average  of  four 
closely  agreeing  analyses,  0.0442  per  cent  of  nitrogen,  or  very  nearly 
the  same  proportion  as  that  in  the  lower  clay  subsoils  at  Kothamsted. 
Quite  recently  (June,  L900)  Sir  Henry  Gilbert  has  obtained  from 

the  geological  survey  office,  by  the  kindness  of  Sir  Archibald  (o-ikie, 
a  number  of  deposits — some  of  them  clayey,  and  some  highly  calcare- 
ous— from  deep  borings,  in  which  he  has  had  determined  the  nitrogen 
and  organic  carbon  and  the  ratios  of  carbon  to  nitrogen  and  of  nitro- 
gen to  carbon.    The  results  are  given  in  the  following  table: 

[Fable  ;>0. — Analyses  of  deep  day  deposits  compared  with  average  results  of  deep 

subsoils  at  Rothamsted. 

[Percentages  of  carbonate  of  lime,  nitrogen,  and  organic  carbon  in  fine  dry  soil:  also  ratios  of 
carl)on  to  1  nitrogen,  and  of  nitrogen  to  100  carbon.] 


Carbon- 
ate of 
lime. 

Nitrogen 
i  mean  >. 

Organic 
carbon 
(mean). 

Carbon  Nitrogen 
to  1        to  100 
nitrogen,  carbon. 

Rothamsted  soils,  various  fields,  seventh  to 

Per  cent. 

Per  cent. 

Per  cent. 

twelfth  depths  a  

0.0460 

Oxford  clay,  Sub- Wealden  boring,  near  Battle, 

Sussex,  "/ki  -600  feet.    .Received  in  1874)  

.0442 

Oxford  clay.  Brabourne  bore  ^at  1.370  feet). 

West  BiWDonrne,  Kent  

21.35 

.(US  J 

0.786 

16.3 

6.1 

Wealden  mottled  dav,  Brabourne  boring  at 

r>01     1  feet  

0 

.0343 

.533 

15.0 

6.5 

Gault,  Meux's  Brewery,  Tottenham  Court  Road 

30. 56 

.0397 

.613 

15.5 

6.5 

London  clay,  tunnel  for  Electric  Railway.  Picca- 

dilly Circus  

731 

.0412 

.391 

9.5 

10.5 

a  Deduced  from  222  separate  samples  and  204  nitrogen  determinations,  made  for  the  most  part 
in  duplicate,  on  a  mixture  of  two  or  more  individual  samples  from  each  plat  or  each  depth. 
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It  will  be  seen  that,  even  at  these  great  depths,  far  removed  from 
surface  influences,  we  find  much  the  same  proportion  of  nitrogen  (viz, 
about  0.04  per  cent)  as  in  the  Rothamsted  deeper  emy  subsoils,  though 
we  find,  it  is  true,  more  carbon  and  higher  carbon  to  nitrogen  ratios 
than  in  the  Rothamsted  subsoils. 

The  general  inference  would  seem  to  be  that  in  these  ancient 
deposits,  whether  mere  clay  or  calcareous  formations  differing  much 
in  their  general  characters,  there  is  a  small  but  fairly  constant  per- 
centage of  nitrogen,  viz,  about  0.04  per  cent,  due  presumably  to  the 
last  surviving  organic  residue  of  the  multitude  of  animal  and  vege- 
table remains  accumulated  in  their  suboceanic  period.  This  small 
percentage  of  nitrogen,  which  seems  to  remain  unaltered  at  a  depth  of 
1,000  feet,  seems  to  be  equally  unaltered  within  a  few  feet  of  the  sur- 
face, despite  thousands  of  years  of  surface  vegetation,  the  influence 
of  which  on  the  permanent  organic  nitrogen  contents  of  the  subsoil 
seems  to  be  scarcely  appreciable  below  about  4  feet  from  the  surface. 

Small  as  it  seems  in  percentage,  the  quantity  of  soil  and  subsoil 
nitrogen  is  enormous.  In  what  precise  organic  form  it  exists  we  do 
not  know,  but  it  seems,  except  near  the  surface,  to  be  protected,  prob- 
ably by  conditions  of  temperature  and  aeration,  from  the  microbic 
influences  which  promote  the  decompositions  culminating  in  nit  rifica- 
tion. Indeed,  for  aught  that  we  know,  some  part  of  this  clay  nitro- 
gen may  be  in  a  condition  in  which  it  is  not  even  susceptible  to  such 
influences.  Even  in  the  surface  soil,  where  nitrogen  is  steadily  nitri- 
fied (and  lost,  unless  the  cropping  conditions  are  favorable  to  its 
! cassimilation),  the  nitrates  are  probably  mainly  yielded  by  the  old 
crop  residues  rather  than  by  this  original  clay  nitrogen.  In  the  Broad- 
balk  field,  plat  5 — the  plat  persistently  manured  with  full  minerals, 
but  starved  for  want  of  nitrogen  (see  Table  14) — is  poorer  than  its 
ammonia-fed  neighbors  in  the  first  27  inches,  but  below  this  it  hap- 
pens to  be  a  good  deal  richer  in  total  nitrogen  than  the  prosperous 
adjoining  plats.  Its  crops  are  starving  for  want  of  nitrogen  in  an 
assimilable  form,  and  yet  it  contains  in  the  first  three  depths  (27  inches) 
6,401  poii nds of  nitrogen;  in  the  first  6  feet,  14,056  pounds;  and  in  the 
first  7{  feel  no  less  than  17,470  pounds  of  nitrogen  per  acre.  Yet  we 
know  from  experience  that  a  small  top-dressing  of  sodium  nitrate  or  of 
ammonium  sails  would  in  a  single  season  convert  its  poor  annual  yield 
of  1  1 1  bushels  of  grain,  wit  h  HH  hundredweight  of  stunted  straw  per 
acre,  into  a  rich  crop  of  probably  )$f>  bushels  of  grain  per  acre,  with  a 
luxuriant  growth  of  straw. 

Nature  is  niggardly,  then,  in  her  annual  dole  from  this  great  store. 
Whal  docs  she  spare  us,  and  how? 

We  have  among  the  Rothamsted  records  sufficient  data  relating  to 
land  unmanured  with  nitrogen  to  enable  us  to  answer  this  question, 
bul  before  passing  on  to  it  we  may  properly  stop  to  consider  the 
results  indicating  the  ^nitric"  nitrogen,  or  nitrogen  existing  as 
nitrates,  in  the  different  soils  and  subsoils. 
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NITROGEN  AS  NITRATES    "NITRIC"  NITROGEN  . 

GENERAL  DISCUSSION  AND  FULL  STATEMENT  <>F  ANALYTICAL  RESULTS 
ON  THE  BROADBALK  SOILS. 

The  greal  classical  researches  that  have  been  made  at  Kothamsted 
on  the  subject  of  nitrification — nature's  way  of  providing  food  for 
new  vegetable  life  from  the  debris  of  preceding  Hf<' — are  already 
well  known  to  yon  in  substance.  The  subject  was  very  carefully  and 
thoroughly  dealt  with  in  the  lectures  delivered  to  you  by  Professor 
Warington  in  1891,  and  the  chief  outcome  of  its  study  was  again 
summarized  in  the  course  of  Sir  Henry  Gilbert's  lectures.  Some 
apology — as  indeed  also  in  the  case  tin-  preceding  pages  dealing 
with  organic  nitrogen — would  be  due  from  me  for  again  traveling 

over  ground  that  has  been  already  explored  ami  explained,  but  for 

ihe  fact  that  I  am  in  the  position  of  bringing  before  yon  in  these 
1893  samples  the  latest  confirmatory  evidence  directly  yielded  by 

t  he  soil  itself  of  many  facts  that  were  already  known  t<>  us.     Sir  Henry 

Gilbert  summed  tip  to  yon  the  practical  results  of  fifty  years'  continu- 
ous wheat  growing  under  so  many  different  manurial  conditions;  but 
lie  was  unable  to  give  yon  the  results  of  the  examination  of  the  soils 
ai  the  end  of  the  lift y  years,  for  the  samples,  as  I  have  said,  were 
actually  being  collected  while  he  was  with  yon.  Then,  as  at  ihe  time 
of  Professor  Warmgton's  Lectures,  the  1881  samples  formed  the  most 
recent  complete  set  of  liroadbalk  samples  that  had  been  examined. 
The  consideration,  therefore,  of  the  Later,  ami  much  more  complete 
results  of  the  analyses  of  the  lS!i:j  samples,  taken  at  the  end  of  the 
first  fifty  years  of  ihe  experiments,  maybe  regarded  as  a  continua- 
tion (oomplet  ion  won  Id  be  far  too  comprehensive  a  word)  of  Sir  Henry 

Gilbert's  review  of  the  results  of  fifty  years1  work  at  Kothamsted. 
The  conclusions  deduced  from  the  study  of  the  determinations  of 
nitric  nitrogen  in  the  1 8!».'{  samples  are  not  qualitatively  different  from 
those  dedneed  from  the  samples  collected  in  1SS1;  but  the  plats  in 
lSIK)  were  all  twelve  years  older,  and  the  evidence  they  have  to  give 
us  is  entitled  to  still  more  of  the  respect  due  to  age  than  that  gathered 
at  the  earlier  period. 

It  w  ill  be  convenient  to  extract  from  Tables  11  and  12  the  figures 
relating  to  nitric  nitrogen,  so  as  to  have  them  before  us  in  a  more 
condensed  form,  and  also  a>>  we  go  on  to  make  further  selected 
extracts  from  them  for  the  purpose  of  comparing  various  plats  one 
with  another. 
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It  happens,  somewhat  unfortunately,  that  the  season  preceding  the 
taking  of  the  samples  in  October,  1893,  was  far  from  being  a  normal 
season.  The  rainfall  for  the  harvest  year — September,  1892,  to 
August,  1893,  inclusive— was  only  24  inches,  as  against  an  average] 
for  the  preceding  seventeen  years,  of  nearly  30  inches.  The  defi- 
ciency was  chiefly  in  March,  April,  May,  and  June.  During  the 
whole  of  these  four  months  less  than  3  inches  of  rain  fell,  whereas 
there  is  normally  from  8  to  9  inches  during  the  same  period  As  a 
con  sequence,  the  crop  of  1893,  preceding  the  taking  of  t  he  samples, 
was  a  miserably  small  one,  averaging  all  round  only  about  00  per 
cent  of  an  average  crop  of  grain  and  only  40  per  cent  of  the  average 
quantity  of  straw.  From  the  point  of  view  of  analytical  investiga- 
tion, however,  it  is  to  some  extent  a  matter  of  regret  that  after  har- 
vest and  before  the  soil  sampling  in  1893,  there  was  a  somewhat  heavy 
rainfall,  viz,  11  inches,  while  a  further  fall  of  three-fourths  of  an  inch 
took  place  during  the  period  of  sampling.  Owing  to  this,  much  of 
the  nitrogen  that  would  in  autumn  be  ordinarily  found  in  the  surface 
soil  was  no  doubt  washed  downward  into  the  second  depth.  The 
third  depth,  too,  shows  more  than  would  probably  be  ordinarily 
found,  and  it  will  be  seen  that  there  is,  as  a  rule,  a  very  distinct 
break  in  continuity  between  the  third  and  fourth  depths. 

In  regarding  the  results  relating  to  the  deeper  la}Tersof  the  subsoil, 
it  must  be  remembered  that  the  field  is  artificially  drained,  and  that 
it  is  at  about  the  bottom  of  the  third  depth,  or  at  27  inches,  that  the 
soil  water  is  tapped  by  the  drainpipes  whenever  they  run.  Much  of 
the  rainfall  must  percolate  downward  into  the  lower  subsoil  with- 
out emerging  from  the  drainpipes,  which  in  a  close  soil  like  this, 
only  run  when  rain  is  heavy  or  continuous.  But  the  sudden  decrease 
that  we  observe  in  many  cases,  in  looking  down  the  figures,  in  pass- 
ing from  the  third  to  the  fourth  depth,  seems  to  be  attributable  in  a 
great  measure  to  the  position  of  the  drains,  though  it  is  also  to  be 
remembered  that  below  the  drains,  we  are  also  well  below  the  depth 
at  which  the  wheat  roots  collect  the  greater  part  of  their  food.  Nitri- 
fication goes  on  mainly,  though  probably  not  exclusively,  in  the 
sin  face  soil,  or  in  the  upper  depths  of  the  subsoil.  Such  of  the 
nil  rates  (or,  for  convenience,  let  us  say  such  of  the  nitric  nitrogen) 
as  is  not  utilized  by  the  growing  wheat  (which  ceases  to  take  up 
nitrogen  actively  some  time  before  it  is  ready  to  cut)  is  gradually 
washed  down.  Some  of  this  emerges  in  the  pipe  drainage  should 
their  he  heavy  rain,  and  what  does  not  escape  in  this  way  must  per- 
colate downward  into  the  subsoil  together  with  any  such  small  quan- 
tity of  nitric  nitrogen  ;is  may  be  formed  in  the  subsoil  itself. 

In  I  lie  absence  of  other  evidence  it  might  appear  possible  that  the 

break  observed  between  the  third  and  fourth  depths  was  due  to 
relent  ion  by  I  he  growing  crop  of  t  he  nit  rates  present  or  formed  in  the 
upper  depths  during  the  growing  season,  which  retention  would 
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aturally  limit  the  downward  percolation  into  the  subsoil  prior  to 
arvest,  while  the  nitrates  subsequently  formed  in  the  surface  soil 
'ould  hardly  have  had  time  to  penetrate  into  the  fourth  depth. 
But  the  Kothamsted  studies  of  nitrification,  as  you  ma}'  remember, 
a\ -e  not  been  confined  to  the  Uroadbalk  field,  but  have  been  extended 
)  the  examination  to  an  even  greater  depth  of  the  subsoil  of  land 
ml  does  not  happen  to  be  pipe  drained.  Some  of  the  results  of 
liese  studies  are  given  in  Sir  Henry  (rilbeit's  Lectures,  delivered  in 
S'.W.1  From  those  results  it  will  be  seen  thai  where  there  is  no  pipe 
rain  age  then*  lias  not  been  a  break  in  the  amount  of  nitric  nitrogen 
bout  or  below  the  third  depth  of  :»  inches.  This  seems  to  support 
i«'  conclusion  that  the  sudden  reduction  shown  in  the  Broad  balk 

unples  of  I s«.»:5,  between  the  third  and  fourth  depths,  is  largely  due 
)  the  tapping  of  the  drainage  water  by  the  drainpipes. 

DOES  NITRIFICATION  OCCUR  IN  THE  LOWBB  SUBSOILS? 

Looking  generally  at  the  tables  it  will  be  seen  that,  as  in  the  deep 
pries  of  plats  previously  examined,  as  described  in  sir  Henry  Gil- 
ert's  Lectures,  nitric  nitrogen  is  found  down  to  the  lowest  depth 
unpled.  The  question  arises,  how  far  is  this  due  to  percolation,  or 
ow  far  is  its  presence  due  to  the  nitrification  going  on  in  the  subsoil 
self?    It  has  certainly  been  experimentally  ascertained  at  Rotham- 

ed  that  the  nitrogen  of  the  subsoils  is  at  any  rate  to  some  extent 
isceptible  of  nitrification  if  1  he  organisms  are  actually  present  and 
nder  t  he  other  condit  ions  of  aerat  ion  ami  temperature  necessary  for 
it  ritical  ion.  It  has  even  been  proved  that  the  nit  rifying  organisms 
o  actually  exist  in  the  deep  subsoils,  though  they  seem  to  be  very 
}w  and  very  feeble  as  compared  with  those  found  in  the  upper 
epths,  especially  in  the  surface  soil.  But  even  if  the  actual  condi-  . 
ons  naturally' existing  in  the  subsoil  allow  of  any  appreciable  nitrifi- 
ation  in  the  lower  depths,  it  would  seem  to  be  very  feeble. 

If  we  take,  for  example,  the  case  of  plat  5,  which  receives  no  nitrog- 
noiis  manure,  and  which  is  liberally  supplied  with  mineral  manures, 
>  as  to  facilitate  as  fully  as  possible  the  utilization  of  the  nitric 
itrogen  produced  by  nitrification  in  the  surface  soil  and  upper  sub- 
)il,  we  find  that  the  nitric  nitrogen  existing  below  the  drainpipes 
forages  less  than  1  pound  per  acre  (actually  0.87  pound)  in  each 
epth  of  0  inches.  Now  in  the  unmanured  wheat  fallow  soil  of  IIoos 
eld,  sampled  in  July,  1883  (see  Sir  Henry  Gilbert's  lectures,  p.  113), 
tie  average  quantity  of  nitric  nitrogen  was  nearly  2i  pounds  per 
ere  in  each  of  the  nine  depths  below  the  first  27  inches.    In  thai  ease 

lU.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  22,  Tables  43  and  44,  pp. 
13-115.  Also  paper  "On  some  points  in  the  composition  of  soils,  with  results 
lustrating  the  source  of  the  fertility  of  Manitoba  prairie  soils."  (Journal  of  the 
bemical  Society  of  London,  Transactions,  47  (1885),  p.  380.) 
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there  were  no  drainpipes  to  tap  the  soil  higher  up.  It  is  also  to  be 
noted  that  the  samples  were  taken  in  a  fallow  year  (the  plat  being 
wheat  cropped  and  fallowed  in  alternate  years),  and  that,  therefore, 
there  had  been  no  growing  crop  to  assimilate  the  surface-formed 
nitrates.  On  the  other  hand,  the  sampling  was  carried  out  in  July, 
when  summer  nitrification  was  very  far  from  being  completed,  while 
the  samples  from  the  Broadbalk  field  now  under  consideration  were 
taken  in  October,  i.  e. ,  nearly  three  months  after  the  crop  would  have 
been  actively  engaged  in  taking  up  nitrogen,  though  nitrification 
would  have  been,  during  these  three  months,  in  active  progress. 

On  the  whole  it  would  seem,  in  the  light  of  the  1893  samples,  that 
the  larger  quantit}r  of  nitric  nitrogen  found  in  the  lower  depths  of 
Hoos  field  was  partly  related  to  the  absence  of  a  recently  growing 
crop,  but  more  particularly  to  the  absence  of  artificial  drainage. 

In  another  series  of  samples,  taken  toward  the  close  of  1882  in 
Agdell  rotation  field,  after  wheat  following  fallow,1  the  average  quan- 
tity of  nitric  nitrogen  in  the  nine  depths  below  the  first  27  inches  was 
1.3  pounds  per  acre.  Here  again,  though  there  had  been  a  growing 
crop,  there  was  no  artificial  drainage,  and  its  absence  coincides  with 
the  greater  quantity  of  nitric  nitrogen  than  we  find  in  the  lower 
depths  of  the  Broadbalk  plat  unman ured  with  nitrogen. .  The  six 
consecutive  depths  below  the  drainpipes  on  plat  5  of  the  Broadbalk 
field  in  1893  contained  6.05  pounds  of  nitric  nitrogen  per  acre;  the 
corresponding  depths  of  Hoos  field  (wheat  fallow,  sampled  in  July, 
L893)  contained  15.49  pounds  per  acre. 

From  the  quantity  of  nitrates  actually  found  in  the  waters  collected 
from  the  drainpipes  of  the  Broadbalk  field  during  some  years  it  is 
estimated  that  sometimes  nearly  17  pounds  of  nitrogen  per  acre  have 
passed  away  in  drainage  from  the  wholly  unmanured  plats,  and  over 
18  pounds  per  acre  from  plat  5,  which  we  are  at  the  moment  consider- 
ing. Bearing  this  in  mind,  and  also  the  difference  of  conditions  in 
the  o1  her  fields,  there  can  be  little  doubt  that  the  larger  quantity  of 
aitric  nitrogen  found  in  their  lower  depths,  and  the  absence  of  any 
marked  break  between  the  third  and  fourth  depths  is  due  to  down- 
ward percolal  ion. 

Quite  apart  from  other  evidence  the  examination  of  the  lower  depths 
of  the  ammonia-manured  plats,  which  will  be  considered  presently, 
shows  very  clearly  that  the  drainpipes  are  very  far  from  being  able 
to  remove  completely  the  nitrates  produced  by  the  oxidation  of 
unused  ammonium  salts  and  of  crop  residues  in  the  soils  fed  with  such 
salts,  for  we  find  Largely  increased  nitric  nitrogen,  despite  the  drain- 
pipes, all  the  way  down  to  90inches.  It  seems,  therefore,  only  reason- 
able to  assume  thai  even  on  the  unmanured  plats,  as  nitrates  occur  to 
so  large  an  extent  in  the  actual  drainage  water  collected  from  the 
pipes,  a  considerable  quantity  must  be  carried  down  in  the  undis- 

i  Journal  of  the  Chemical  Society  of  London,  Transactions,  47  (1885),  p.  406. 
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charged  drainage  water  that  indubitably  finds  its  way  down  to  the 
chalk  below.  Some  allowance,  then,  must  be  made  for  this  in  regard  - 
big  the  0.87  pound  of  nitric  nitrogen  pel  acre  found  in  each  depth  of 
the  lower  subsoil  of  plat  5,  and  such  allowance,  whatever  it  be,  would 
rcduee  to  very  small  dimensions  the  nitric  nitrogen  that  could  be 
attributed  to  actual  subsoil  nitrification. 

Furthermore,  if  we  turn  to  the  results  obtained  from  the  drain 
gauges  we  fail  to  find  practical  evidence  of  any  very  appreciable  sub- 
soil nitrificat  ion.  The  structure  of  the  Hot hamsted  drain  gauges  is 
familiar  to  many  of  you.  Each  of  these  three  gauges  incloses  an  area 
of  natural  si>il  with  its  natural  subsoil,  the  area  of  each  bring  one 
one-thousand  t  hof  an  acre,  and  so  const  ructed  t  hat  all  t  he  rainfall  which 
percolates  through  them  can  be  collected  for  measurement  ami  analy- 
sis. In  all  three  the  soil  is  kept  fallow,  and  they  differ  only  in  depth, 
containing  respectively  20,  40,  and  '"><>  inches  of  soil.  Now,  if  nitri- 
fication went  on  appreciably  in  the  subsoil,  we  should  expect  to  find 
more  nitric  nitrogen  in  the  drainage  water  from  tin-  deepest  gauge 
than  in  that  from  the  .shallowest  As  a  matter  of  tact  this  is  not  the 
case.  During  the  twenty  years  from  1*77-7*  to  ls:u;_n7  the  nitric 
nitrogen  yielded  annually  by  the  shallowest  and  the  deepest  gauges 
has  been  as  follows : 

Taklk         Rot  In  trusted  drain  gauges. 

Pounds. 

20-inch  gange    35.07 

P>0-inch  gauge   33. 87 

And,  as  is  pointed  out  in  the  Rothamsted  '  Memoranda"  for  the 
current  year,  the  conditions  of  aeration  are  distinctly  more  favorable 
in  the  drain  gauges  than  in  the  held. 

On  the  whole,  then,  we  may  consider  that  under  natural  field  con- 
ditions the  vast  stores  of  subsoil  nitrogen  within  the  reach  even  of 
the  deeply  rooting  wheat  plant  are,  for  all  practical  or  economical 
purposes,  unavailable  for  appreciable  contribution  to  the  nitrogenous 
sustenance  of  the  crop. 

The  conclusion  is  not  new,  but  the  subject  appears  to  be  one  of  suf- 
ficient magnitude  to  justify  the  space  that  I  have  been  tempted  to 
occupy  in  examining  the  latest  contributions  to  the  evidence  that 
seems  to  bear  upon  it. 

NITRIC  NITROGEN    IX    THE  UNMANURED    AND    THE    DUNGED  PLATS 
AND  THE  RAPE-CAKE  PLAT. 

When  we  come  to  a  detailed  consideration  of  the  results  we  are,  as 
in  the  consideration  of  the  total  nitrogen  contents,  naturally  led  to 
compare  first  the  persistently  unmanured  plats  3  and  4  with  the  two 
dunged  plats,  2a  and  2b.  Here  we  much  regret  the  absence  of  deeper 
samples.    As  it  is,  we  must  be  content  in  the  case  of  these,  as  in  the 
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case  of  four  of  the  other  plats,  with  the  results  for  the  first  27  inches. 
We  may  also  here  consider  the  rape-cake  plat.  It  is  convenient  to 
tabulate  the  results  separately. 


Table  34. — Broadbalk  wheat  soils,  plats  3,  4,  2a,  2b,  and  Id— Nitrogen  as 
nitrates  (  "  nitric,'"  nitrogen)  in  samjrfes  collected  in  October,  1893. 


Depth. 

Plat  3,  un- 
manured 
5u  years. 

Plat  4,  un- 
manured 
since  1852. 

Plat  2a,  14 
tons  farm- 
yard ma- 
nure, 9 
years. 

Plat  2b,  14 
tons  farm- 
yard ma- 
nure, 50 
years. 

Plat  19, 
rape-cake 
plat. 

Second  9  inches   

Third  9  inches  

1  to  27  inches  

Pounds. 
9.64 
9.22 
2.74 
21.60 

Pounds. 
7.96 
7.03 
2.12 
17.11 

Pounds. 
23. 67 
22.65 
10.27 
56.59 

Pounds. 
10.53 
45.36 
12.25 
68.14 

Pounds. 
22.06 
24. 36 
14.18 
60.60 

We  see  that  even  on  the  land  wholly  unmanured  for  fifty  years, 
notwithstanding  the  recent  removal  of  the  fiftieth  continuous  wheat 
crop,  the  uppermost  27  inches  contained  21.60  pounds  of  nitric  nitro- 
gen per  acre,  equivalent  to  1^  hundredweight  per  acre  of  commercial 
nitrate  of  soda.    Of  this  the  greater  part  is  in  the  upper  18  inches. 

Unfortunately  this  autumnal  store  of  nitrates  is  destined  for  the 
most  part  to  be  washed  away  before  the  young  wheat  plant  is  old 
enough  to  appropriate  much  of  it,  and  it  is  mainly  on  the  nitrates 
formed  in  the  spring  and  early  summer  that  the  crop  lives.  Of  course 
in  a  fairly  dry  winter  much  of  the  autumn  nitrates  may  be  retained, 
and  when  this  is  the  case  the  crop  is  benefited  by  food  that  in  a  wet 
winter  would  be  wasted.  It  is,  however,  remarkably  interesting  to 
find  that  on  a  soil  absolutely  unmanured  and  continuously  cropped 
for  fifty  years  there  should  still  be  found  within  18  inches  of  the  sur- 
face, from  two  to  three  months  after  harvest,  as  much  nitrate  as 
would  be  annually  carried  oft7  in  a  year's  crop. 

Ii  will  be  seen  later  that  the  quantity  found  in  the  surface  soil  is 
pract  ically  the  same  as  at  the  same  time  of  year  in  1881,  twelve  years 
earlier,  and  the  quantity  found  in  the  first  27  ifoches  is  not  very  dif- 
ferent; and  if  we  allow  for  the  fact  that  the  soil  had  in  1881  been  very 
heavily  rained  on  between  harvest  and  the  time  of  sampling  the  gen- 
eral similarity  of  the  results  is  increased. 

Plat  4,  though  unmanured  since  1852,  was  in  its  earlier  years  man- 
ured wil  h  superphosphate  and  ammonium  sulphate.  Although  so  many 
years  have  elapsed,  plat  4  has  (see  Table  1)  on  the  average  yielded 
distinctly  larger  crops  than  plat  3,  its  superiority  in  yield  of  grain 
having  persisted  longer  than  in  that  of  straw.  In  1893,  which  was 
a  very  bad  harvest  year  owing  to  summer  drought,  plat  4  had  yielded 
2  bushels  per  acre  more  grain  than  plat  3,  and  it  is  noteworthy  that 
we  find  in  it  some  41  pounds  less  of  nitric  nitrogen  in  the  first  27 
Inches  I  ban  we  And  in  plat  3. 

One  is  naturally  struck  with  the  fact,  that,  in  the  first  9  inches,  plat 
21)    the  richer  land — should  show  less  than  half  the  nitric  nitrogen 
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shown  in  its  less  rich  neighbor,  plat  2a;  l>ut  this  may  be  due  to  mere 
accident  of  the  distribution  of  the  rainfall  during  the  time  of  sam- 
pling. If  we  regard  the  first  and  second  depths  conjointly,  we  find 
that  plat  -1)  contains  nearly  o»j  pounds  of  nitric  nitrogen  per  acre  as 
againsi  46  pounds  in  plat  2a.  The  nitric  nitrogen  in  the  first  IS  inches 
of  the  continuously  dunged  plat  is  equal  to  more  than  hundred- 
weight per  acre  of  nitrate  of  soda,  while,  if  the  third  depth  be  included, 
the  quantity  of  nitric  nitrogen  in  the  27  inches  is  equal  to  nearly  4 
hundredweight  Of  nitrate  of  soda  per  acre.  But  how  transient  this 
surface  richness  is,  and  how  readily  and  rapidly  it  escapes  downward, 
i>  Been  by  the  fact  that,  under  the  influence  of  recent  rain,  the  actual 
surface  soil — the  first  9  inches — is  already  scarcely  richer  than  that 
of  the  wholly  unmanured  plat  3.  Only  l < ».-"»:;  pounds  out  of  the  68 
pounds  contained  in  the  first  27  inches  remained  at  the  time  of  sam- 
pling in  the  surface  soil.  The  bulk  of  the  recently  formed  nitrates 
had  already  sunk  into  the  second  !»  inches,  and  we  may  take  it  that  a 
Printer  sampling  would  probably  have  revealed  much  less  nitric  nitro- 
gen in  1  he  second  dept  h. 

The  rape-cake  plat  is  rich  in  surface  nil  rates,  and  in  all  1  hree  dept  lis 
it  closely  resembled,  in  IN«.i:$,  the  dunged  plats,  being  intermediate  in 
richness  between  the  continuously  dunged  plat  and  the  plat  dunged 

for  nine  years  only. 

THE  CHEMICALLY  MANURED  PLATS. 


\\V  will  now  examine  the  data  obtained  from  the  various  chemically 
manured  plats.  The  tirsl  series  thai  it  is  convenient  to  consider  is 
the  series  of  plats  .">  to  s,  all  receiving  a  full  dressing  of  superphos- 
phate, potassium,  sodium,  and  magnesium  salts  ("full  minerals"), 
but  with  and  without  various  dressings  of  ammonium  salts  applied 
under  similar  "onditions  in  the  spring.  For  comparison  we  will  also 
again  include  plat  3. 

Tablk  fc.—Broa'lbalk  wheat  soils,  />l<tts.;.  ',,     ?,  a  ihI  S— Nitrogen  as  nitkatks 
(" nitric"  nitrogen)  in  §amplet  collected  in  October,  1898, 


Depth. 

Plat  3,  un- 
manured. 

Plat  5.  full 
mineral-:  no 
nitrogen 
since  1851. 

Plat  6,  full 
mineral  ma 

nu  res  and 
ammonium 

salts  con- 
taining 

43  pounds 
of  nitrogen 

per  acre. 

Plat  7.  full 
mineral  ma- 
nures and 
ammonium 
salts  con- 
taining 
86  pounds 
of  nitrogen 
per  acre. 

Plat  S.full 
mineral  ma- 
nures and 
ammonium 
salts  con- 
taining 
129  pounds 
of  nitrogen 
per  acre. 

Pounds. 

I 'omuls. 

Pounds. 

Pounds. 

Pounds. 

First  9  inches  

9.  (V4 

10.53 

14.  13 

14.96 

17.  40 

Second  9  inches  

9.22 

f).  3»i 

12.  74 

19.21 

89. 17 

2. 74 

2.23 

5.81 

8.54 

8.71 

.95 

2.9S 

5.32 

8.71 

Fifth  '.♦  inches  

1.00 

3. 47 

4.64 

8.51 

Sixth 9 inches  

.71 

3.  72 

4.40 

7.46 

Seventh  finches  

1.03 

3.25 

4.51 

7.99 

Eighth  9  inches  

.92 

1.89 

4.l»2 

7.60 

Ninth  Inches   

.87 

2.46 

4.89 

6. 13 

Tenth  !» inches  

.57 

2. 16 

4.38 

5. 64 

1  to -'7  inches   

21.60 

1«.  12 

32.68 

42.  71 

55.28 

1  to  78  Inches  

23.  73 

47.99 

65.60 

95. 55 

1  to  Winches  

25  17 

52. 61 

74.27 

107.32 
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Plat  5  has  already  been  discussed  partially  in  the  present  section, 
and  also  under  the  subject  of  total  nitrogen.  This  plat  has  had  no 
ammonium  salts  for  forty-two  years  prior  to  1893.  It  has,  however, 
yielded  persistently  higher  crops  than  the  unmanured  plat,  the  min- 
erals, no  doubt,  having  enabled  it  to  take  greater  advantage  of  the 
moderate  quantity  of  nitrates  produced  from  the  soil.  In  the  six 
years  1889-1894,  it  averaged  If  bushels  of  grain  and  If  hundred- 
weight of  straw  more  than  plat  3. 

We  have  seen  that,  in  virtue  of  this  greater  annual  yield,  there  has 
been  less  loss  of  surface  nitrogen  than  on  plat  3,  a  distinctly  larger 
percentage  of  total  nitrogen  being  now  found  in  the  surface  soil  of 
plat  5  than  in  that  of  plat  3. 

We  find  in  1893,  in  the  surface  soil  of  plat  5,  slightly  more  nitric 
nitrogen  than  in  that  of  plat  3,  though  in  the  first  27  inches  the 
quantity  is  rather  less  than  in  plat  3,  being  intermediate  between  that 
in  plats  3  and  4. 

More  interesting  is  the  study  of  plats  6,  7,  and  8  in  relation  to  plat 
5,  and  for  all  of  these  we  have  fortunately  full  sets  of  samples  down 
to  a  depth  of  1\  feet.  The  figures  speak  so  plainly  for  themselves 
as  they  stand  in  Table  35  that  it  seems  scarcely  necessary  to  enlarge 
upon  them.  The  surface  soils  are  all  richer  than  on  plat  5.  If, 
however,  we  take  the  first  and  second  depths  together,  containing 
respectively  in  plats  5,  6,  7,  and  8,  16.89  pounds,  26.87  pounds,  34.17 
pounds,  and  46.57  pounds  of  nitric  nitrogen  per  acre;  or  the  first  27 
inches,  containing  respectively  19.12  pounds,  32.68  pounds,  42.71 
pounds,  and  55.28  pounds  per  acre;  we  at  once  see  that  there  is  a  dif- 
ference according  remarkabty  with  the  sequence  of  the  increasing 
annual  supply  of  ammonium  salts.  We  see,  further,  the  same  con- 
stant differences  in  nitric  nitrogen  in  the  lower  depths,  down  to  the 
tenth  or  lowest  depth  sampled.  And  if  we  take  the  whole  1\  feet 
comprised  in  the  ten  depths,  we  find  per  acre  in  plats  5,  6,  7,  and  8, 
25.17  pounds,  52.61  pounds,  74.27  pounds,  and  107.32  pounds  of  nitric 
nitrogen. 

If  we  deduct  from  the  three  latter  plats  the  nitrogen  of  plat  5,  we 
find  in  round  numbers  as  follows,  in  the  three  plats  receiving 
respectively  43  pounds,  86  pounds,  and  129  pounds  of  nitrogen  per 
acre  per  annum  as  ammonium  salts. 


Table  86. — Excess  of  nitric  nitrogen  in  plats  6,  7,  and  8,  over  that  in  plat  5. 


Plat  (i. 

Plat  7. 

Plat  8. 

Nitrotfon  in  ammonium  suits  supplied  per  aero  per  annum  

N'itrif  nitrogen  per  acre  found  in  soils  and  subsoils  to  a  depth  of 
!M)  indies,  in  excess  of  plat 5,  receiving  no  ammonium  salts   

/  'omuls. 

43 
96| 

1',  >n  mis 

86 

49 

Pounds. 
129 

88 

The  consistency  of  these  differences  is  fairly  well  maintained  in 
each  of  the  successive  sectional  depths. 
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The  difference  between  plat s  0  and  7  is  almost  exactly  proportional 
to  the  annual  dressings  of  ammonium  sails  applied  to  the  two  plats, 
and  also  proportional  to  the  increase  of  crops  obtained  under  their 
Respective  influence.  Bui  in  plat  8,  where  the  still  further  increase 
m  the  annual  dressing  of  ammonium  salts,  although  it  produces  an 
increase  in  crop,  does  not  produce  a  proportional  increase,  hut  is  rela- 
tively more  wasteful,  the  quantity  of  unutilized  nitrates  in  the  soil  is 
relatively  considerably  greater.  It  is  also  to  be  noticed  that  there  is 
a  much  greater  decline  below  the  depth  of  the  pipe  drainage  in  plats 
•I  and  7  than  in  the  case  of  plat  8,  where  the  application  of  ammonium 
salts  is  admittedly  excessive.  As  the  chalk  occurs  not  very  Par  below 
the  tenth  depth,  drainage  would  go  <m  freely  below,  and  it  is  clear 
that  there  would  be  great  loss  by  natural  drainage  during  the  winter 
months  of  much  rain  and  in  the  absence  of  an  actively  feeding  crop 
to  consume  the  nitrates  at  tin*  surface.  It  is  of  course  this  winter 
drainage  that  involves  the  greal  loss  of  soil  and  manorial  nitrogen 
Which  necessarily  OCCUrS  in  the  growth  Of  w  heat  and  similar  cereal 
crops. 

The  autumn  application  of  ammonium  salt>.  though  still  experi- 
ment ally  maintained  on  plat  L5,  has  long  been  abandoned  in  practical 
farming.  Its  wastefulness  La  shown  by  the  relative  crop  records  of 
this  plat,  as  compared  with  plat  7,  similarly  manured  bul  receiving 
Its  ammonium  salts' in  the  spring  (see  Table  L).  Indeed,  it  is  largely 
the  experience  gained  at  Rot>hamsted  that  led  to  the  abandonment  in 
modern  farming  practice  of  the  autumn  application  of  ammonium 
salt  s. 

The  nitric  nitrogen  found  in  October  is  Lesson  the  plat  thai  receives 
its  nit  rogenous  dressing  in  the  autumn;  but  at  the  time  of  sampling 

the  annual  dressing  of  ammonium  salts  had  not  been  applied,  and 
much  nitrification  would  occur  subsequently  to  the  application  of  the 
ammonium  sails  at  the  end  of  October  if  the  rest  of  the  autumn  were 
mild,  and  consequently  greater  loss  of  nil  rogon  would  occur  during 
the  winter  rains  than  on  the  spring-dressed  plat. 

It  is  observed  at  Rothamsted,  when  ammonium  salts  are  applied, 
say,  at  the  end  of  October,  that  if  the  drainpipes  happen  to  run 
within  a  week  or  two  of  the  sowing,  the  first  collection  of  the  drain-: 
age  water  will  show  traces  of  ammonia;  but  that  if  there  be  only  a 
day  or  two  of  continuous  drainage,  even  so  late  in  the  year,  the 
ammonia  often  wholly  disappears,  the  w  hole  of  the  nitrogen  in  the 
drainage  being  already  converted  into  nil  rates.  Indeed,  in  the  earlier 
years  of  the  experiments,  when  the  ammonium  salts  wore  throughout 
lor  the  most  part  applied  in  autumn,  the  quantity  of  nitric  nitrogen 
In  the  winter  drainage  of  the  different  plats  obviously  bore  a  very 
direct  relation  to  the  quantities  of  ammonium  salts  applied. 

The  application  of  ammonium  salts  is.  in  fact,  virtually  tantamount 
to  an  application  of  nitrate,  and  it  is  only  because  ammonium  salts 
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are  capable  of  such  rapid  conversion  into  nitrate  that  they  give  in 
practical  farming,  under  favorable  conditions  of  soil  and  weather, 
results  closely  approaching  those  obtained  by  the  application  of 
sodium  nitrate  itself. 

COMPARISON   OF  PLATS  RECEIVING  AMMONIUM    SALTS    AND  SODIUM 
NITRATE,  RESPECTIVELY.  # 

It  is  of  interest  to  compare  the  plats  receiving  their  nitrogen  as 
ammonium  salts  with  those  receiving  a  corresponding  quantity  of 
sodium  nitrate.  These  are  plats  6  and  9a,  receiving  43  pounds  of 
nitrogen  annually  per  acre;  and  plats  7  and  16,  receiving  86  pounds 
of  nitrogen  per  acre  per  annum,  full  minerals  being  also  supplied  in 
all  cases.  We  have  also  plat  9b  receiving  43  pounds  of  nitrogen  per 
acre  per  annum  as  sodium  nitrate,  but  without  any  mineral  manures. 


Table  37. — Broadbalk  wheat  soils,  plats  6,  9a,  9b,  7,  and  16 — Nitrogen  as: 
nitrates  ("  nitric''''  nitrogen)  in  samples  collected  in  October,  1893. 


Depth. 

Plat  6,  full 
minerals, 
with  43 
pounds  ni- 
trogen per 
acre  as  am- 
monium 
salts. 

Plat  9a,  full 
minerals, 
with  43 
pounds  ni- 
trogen per 
acre  as  so- 
dium ni- 
trate. 

Plat  9b,  no 
minerals, 
43  pounds 
nitrogen 
per  acre  as 
sodium 
nitrate. 

Plat  7,  full 
minerals, 
with  86 
pounds  ni- 
trogen per 

acre  as 
ammonium 
salts. 

Plat  16,  full 
minerals, 
with  86 
pounds  ni- 
trogen per 
acre  as 
sodium 
nitrate. 

Nitric  nitrogen,  per  acre,  in 
1893  samples: 
First  9  inches  

Pounds. 

14.13 
12.  74 
5. 81 
2.98 
3.47 
3. 72 
3. 25 
1.89 
32. 68 
47.94 

Pounds. 

16.62 
19.23 
6.70 

Pounds. 

11.10 

34.86 
18.58 

Pounds. 

14.96 
19. 21 

8. 54 
5.32 
4.64 
4. 40 
4. 51 
4.02 
42.71 
65.60 

Pounds. 

13. 59' 
42. 58 
20. 77 
13.03 
7.82 
5.96 
5. 45 
6.28 
76.94 
115. 48 

Second  9  inches  

Third  9  inches  

Fifth  9  inches   

Sixth  9  inches   

Seventh  9  inches  

Eighth  9  inches  

•  1  to  27  inches  

42. 55 

61.54 

1  to  72  inches  

Animal  produce  per  acre,  six 
years, 1889-1894: 
Grain  

1,598 
2,436 

1,807 
3,362 

1,126 
1, 932 

2,113 

3,766 

2,070 
4,270 

Straw   

Total  

4,034 

5,169 

3,058 

5,879 

6,340 

Comparing  plats  6  and  9a,  We  find  that  in  the  first  27  inches  of  the 
nitrated  plat  9a there  are  about  10  pounds  more  of  nitric  nitrogen  per 
acre  than  in  the  ammonium-salts  plat,  both  plats  having  received  the 
same  dressing  of  nitrogen,  but  indifferent  forms.  As  this  excess  is 
I'oiiimI  mainly  in  the  t  wo  upper  depths,  it  seems  scarcely  likely  that  it 

wholly  or  even  mainly  due  to  the  rest  ing  on  the  surface  soil  of  the 
actual  nit  rate  sown  in  ihe  spring.  The  nitrated  plat  9a  is  a  great  deal 
more  fertile  than  t  lie  ammonium-salts  plat-,  and  it,  seems  just. possible 
thai  the  greater  richness  of  plat  9a  in  nitric  nitrogen  in  October  may 
be  related  to  the  greater  fertility  persistently  maintained  on  plat  9a 
by  lie-  use  of  nit  rate  and  t  he  consequently  greater  richness  of  the  soil 
in  mop  residue,  and  therefore  in  organic  nitrogen,  and  to  thenitriffi 
cation  or  oxidation  of  this  residue.    On  the  other  hand,  it  may  well  be 
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attributable  to  the  creeping  upward,  under  i  he  influence  of  hot  weather, 
of  nitrates  which  may  liave  been  washed  down  earlier. 

Up  to  1884,  plate  9a  and  9b  received  twice  the  quantity  of  sodium 
nit  rate  that  they  had  received  for  the  nine  years  immediately  prior  to 
1*93,  so  that  the  greater  accumulation  of  erop  residue  in  plat  9a  is  no 
doubt  partly  attributable  to  more  liberal  treatment  in  the  past. 

Plat  it!)  gets  the  same  dressing  of  sodium  nit  rate  as  plat  9a,  but  with- 
out any  mineral  manures,  and  gives  naturally  much  poorer  crops  year 
[by  year.  Consequently  it  is  poor  in  organic  crop  residues.  In  the 
first  27  inches  it  contained,  in  L893,  6H  pounds  of  nitric  nitrogen  per 
acre,  or  I'.t  pounds  more  than  its  brother  plat  9a.  Unlike  the  case  of 
9a,  most  of  the  nitric  nitrogen  is  found  in  the  second  ami  third  depths. 
It  seems  that  in  plat  9a  more  of  the  applied  nit  rate  has  been  used  and 
jess  washed  into  the  second  and  third  depths.    On  plat  9b,  jrherethere 

Is  less  Utilization,  we  find  much  Of  the  residue  of  the  unused  nitrate 
in  thesubsoil:  but  in  the  surface  soil,  at  this  late  period  of  the  year 
(October),  there  is  less  nitric  nitrogen,  possibly  because  there  is  less 
crop  residue  and  less  oxidation.    Doubtless,  if  we  had  samples  of  the 

lower  dept  lis  we  should  find  much  more  nitrate  that  lias  been  wasted 
for  lack  of  mineral  food  to  enable  the  crops  to  take  it  up. 

As  may  be  seen  hereafter,  the  analyses  of  the  soils  of  these  two 
plats  in  1881  showed  very  similar  results,  as  was  very  clearly  pointed 
out  to  you  in  Professor  Warington's  Lectures  dealing  with  the  subject 

of  nit  i  i licit  ion. 

When  we  turn  to  plats  7  and  L6,  similarly  manured  to  plais  6  and 
9a,  but  with  twice  the  quantities  of  ammonium  sails  and  of  sodium 
nitrate,  respectively,  we  find  not  a  great  deal  of  difference  in  the  suf- 
fice soil.  In  the  subsoil,  however,  we  find  in  the  second  9  inches 
more  than  twice  as  much  nitric  nitrogen  on  the  nitrated  plat  Idas  on 
the  ammonia-manured  plat.  7,  and  about-.'  t  hues  as  much  in  the  third 
depth.  Then  we  have  a  great  decrease  as  we  pass  the  level  of  the 
drainpipes;  still  the  fourth  depth  contains  about  times  as  much  on 
plat  1  <")  as  on  plat  7,  and  alt  hough  t  he  difference  becomes  then  less,  there 
is  much  more  nitric  nitrogen  in  each  succeeding  depth  as  far  as  we 
go.  In  the  first  -7  inches  plat  1(5  contains  about  34  pounds  more 
nitric  nitrogen  per  acre  than  plat  7,  and  in  7i}  inches  aboul  50  pounds 
more,  equivalent  to  about  3  hundredweighl  of  commercial  nitrate  of 
soda  ;  a  good  deal  of  w  hieh  nit  ric  nit  rogen  has  sunk  too  low  for  1  here 
to  be  much  hope  of  its  future  recovery,  and  is  as  virtually  lost  as 
though  it  had  escaped  by  way  of  the  drainpipes.  It  should  be  men- 
tioned that  t  he  crop  on  plai  L6  was  very  poor,  having  been  injured  by 
so  heavy  an  application  of  manure  in  a  dry  season. 

It  is  not  remarkable,  after  an  annual  spring  dressing  of  550  pounds 
per  acre  of  sodium  nitrate,  to  find  a  Large  quantity  of  the  necessarily 
nnassimilated  nitrate  in  the  subsoils,  but  as  somewhat  more  nitrogen 
is  usually  assimilated  on  the  nitrated  plat  than  on  the  ammonium 
salts  plat  the  annual  loss  of  nitrogen  must  be  greater  on  plat  7  than 
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on  plat  16,  yet  we  find  less  nitrates  in  the  subsoil.  It  is  true  that 
under  the  unusual  influences  of  the  dry  summer  of  1893  the  crop  of 
plat  9a  was  exceptionally  small,  being  less  than  that  of  plat  7.  The 
difference  in  nitrogen  assimilation,  however,  does  not  account  for  the 
discrepancy.  It  may  be  that  the  complete  nitrification  )f  the  ammo- 
nium salts  is  not  always  as  rapid  as  we  know  it  to  be  sometimes,  and 
that  some  of  the  ammonia  supplied  in  the  spring  is  still  held  in  some 
form  of  temporary  combination  in  the  soil.  The  drainage  waters 
show  that  ammonium  salts  are  not  removed,  as  such,  in  solution. 
Their  nitrification  might  be  thus  protracted,  and  their  passage  down- 
wards as  nitrate  be  more  distributed  over  the  year  than  is  the  down- 
ward passage  of  the  nitrogen  applied  as  sodium  nitrate. 

The  spring  and  summer  of  1893  were  excessively  dry,  and  not 
favorable  to  the  rapid  nitrification  of  ammonium  salts.  If  the  exam- 
ination of  the  soils  was  carried  out  in  another  season  we  might  find 
relatively  more  nitrate  in  the  subsoils  of  the  ammonia-dressed  plats. 
There  is  no  evidence  of  permanent  accumulation  of  ammonium  salts, 
as  such,  in  the  soils;  but  there  may  be  temporary  accumulation.  If 
the  large  unused  excess  is  not  wholly  converted  into  nitrates  we 
should  seem  to  be  driven  to  suppose  that  some  of  it  is  lost  by  decom- 
position into  free  nitrogen — of  which  decomposition,  however,  there 
is  no  evidence,  except  where  there  is  a  large  excess  of  organic  matter 
like  dung. 

COMPARISON   OF  PLATS   RECEIVING   LIKE   DRESSINGS   OF  AMMONIUM 
SALTS  BUT  WITH  VARYING  MINERAL  TREATMENT. 

We  will  now  turn  to  the  series  of  plats  all  receiving  the  same  dress- 
ing per  acre  of  ammonium  salts,  but  differing  as  to  mineral  treat- 
ment. The  nitric  nitrogen  results  for  these  plats  are  shown  in  the 
following  table : 


T.\  ble  38.—Broadbalk  wheat  soils,  plats  3,  10a,  10b,  11,  12,  IS,  and  14— Nitrogen 
as  nitrates  ("nitric"  nitrogen)  in  samples  collected  October,  1893. 


Depth. 

Plat  3, 
unma- 
nured 

50 
years. 

Receiving  anually  400  pounds  ammonium  salts  contain- 
ing 8(5  pounds  nitrogen  per  acre. 

Plat  10a, 
with  no 
mineral 
manure 

since 

1844. 

Plat  10b, 
with  no 
mineral 
manure 

since 

1850. 

Plat  11, 
with  su- 
perphos- 
phate. 

Plat  12, 
with  su- 
perphos- 
phate 
and 
sodium 
salts. 

Plat  13, 
with  su- 
perphos- 
phate 
and 
potas- 
sium 
salts. 

Plat  14, 
with  su- 
perphos- 
phate 
and 
mag- 
nesium 
salts. 

First  i»  inches  

Second  9  inches.   

Pounds. 

«.».»;  1 

9.22 
2.74 

l'<i  innls. 
12.  52 
25.  43 
11.25 

/'on  nils. 
51.41 
2!».  (Hi 
18. 99 

Pounds. 
LI.  67 
24. 58 
14.88 

j  1 .  c,t; 

S.  til) 

5.02 
4.48 
8.11 
,  51.18 
35.  87 
87.00 

I '0 101  ( Is. 

II  L6 

25. 48 
L2.  1 1 
7.  46 
5. 85 
5.06 
5. 38 
5.31 
51.78 
29. 08 
80.  hi 

Pounds. 
L3.92 
2(5. 15 
9. 44 
4.68 
3.52 
3. 80 
3.  54 
3.  56 
4!».  51 
L9,  L0 
68.61 

1',  hi  nils. 

13.38 
30.99 
11.78 
6.85 
6.  hi 
5. 39 
5.62 
6.80 
56. 15 
30.  76 
86.91 

Fifth  '.)  iiH-hos  

Sixth  \\  inches  

Sc\  cut ii  !t  Inches  

Ki^hth  :i  inches  

1  to  87  inches  

21. 60 

10.20 

52. 49 

1  to  72  Inches  
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In  L893  there  was  an  underaverage  crop  and  an  underaverage  rain- 
fall, and  therefore  less  than  average  utilization  of  nitrates  and  prob- 
ably later  and  less  complete  nitrification,  and  certainly  less  than  aver- 
age loss  by  drainage  and  downward  percolation.  The  crop  of  the 
following  year  was  a  comparatively  large  out — far  above  average — and 
evidently  gol  the  benefit  of  much  nitrogen  thai  would  after  an  ordi- 
nary season  have  been  lost. 

Most  of  the  unused  nitrates  are  seen  to  be  in  the  second  depth. 
In  the  surface  depths  the  poorest  plats — excluding,  of  course,  plat  .">, 
which  is  placed  in  the  table  for  comparison  only — are  plals  LOa,  LOb, 
and  11.  The  last-named,  which,  with  ammonium  salts,  receives  only 
Superphosphate  without  any  alkaline  salts,  gives  smaller  crops  than 
plats  L2,  L3,  and  14,  and  therefore  contains  less  crop  residue.  Plats 

12,  13,  and  14,  though  utilizing  more  nitrogen,  have  more  nitrates 
Bear  the  surface,  owing  probably  to  more  active  nit  riticat  ion.  The 
most  interesting  results,  however,  in  this  table  are  those  showing  the 
nitric  nitrogen  contained  in  the  third  and  subsequent  Lower  depths 
of  plats  LI,  L2,  13,  and  14. 

Unfortunately  there  are  n<»  samples  of  the  fourth  and  lower  depths 
for  plats  LOa  and  b>b,  but  we  have  samples  of  eight  depths  for  plats 
ll,  L2,  13,  and  14.    As  we  enter  t he  t bird,  and  more  especially  as  we 

descend  into  the  fourth  and  Lower  depths  of  these  plats,  we  are  at 
once  struck  with  the  very  much  Larger  quantity  of  nitrates  found  on 
plat  11,  the  most  poorly  yielding  plat  of  1  he  series,  viz,  the  plat  which, 
though  receiving  the  same  nitrogen  and  phosphates  a>  the  others, 
receives  no  alkalies.  We  find,  despite  the  fact  thai  we  are  below  the 
level  of  the  drainpipes  in  the  fourth  depth,  ll. •*>•*,  pounds  of  nitric 
nitrogen  per  acre  in  plat  11,  while  the  other  plats  average  only  about 
6  pounds.  In  the  tilth  depth  plat  11  again  shows  us  8.60  pounds 
against  an  average  of  about  ">  pounds  in  the  others;  in  the  sixth 
depth,  .").():?  pounds,  as  against  an  average  of  about  4.»'>  pounds  in  the 
others;  in  the  seventh  depth,  4.48  pounds,  as  against  an  average  of 
4.7  pounds  in  the  others;  and  in  the  eighth  depth,  6.11  pounds,  as 
against  an  average  of  nearly  5  pounds  in  the  others.  Altogether 
below  the  level  of  the  drainage  (27  inches)  we  have  in  the  five  depths 
35.87  pounds  of  nitric  nitrogen  in  plat  11  against  an  average  of  iio.44 
pounds  in  the  other  plats,  a  difference  of  L0.43  pounds.  This  very 
marked  difference  concords  with  the  fact  that  plat  l  L,  though  receiv- 
ing, Like  the  others,  abundant  dressings  of  phosphates  as  well  as 
ammonium  salts,  receives  no  potassium,  sodium,  or  magnesium  salts 
and  consequently  utilizes  far  less  of  the  applied  nitrogen. 

In  fact,  in  the  ten  years  from  L882  to  L891  the  nitrogen  annually 
removed  in  the  oops  of  plat  11  was,  on  the  average,  11  pounds  per 
acre  per  annum  less  than  on  plats  12,  13,  and  14. 

When  we  regard  plats  L2,  L3,  and  11  we  see  that  in  their  lower 
depths  the  least   quantity  of  nitric  nitrogen  is  in  plat  13,  which 
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receives  potassium  salts  and  on  which  the  crops,  in  virtue  of  the 
potash  supplied,  are  able  to  assimilate  more  nitrogen  and  are  conse- 
quently more  luxuriant.  This  plat  shows  for  the  fourth  to  the  eighth 
depths  19  pounds  of  nitric  nitrogen  per  acre,  while  plats  12  and  14 
show  in  the  like  depths  29  pounds  and  30f  pounds,  respectively.  These 
two  latter  plats  received  some  potash  dressings  during  the  first  ten 
years,  prior  to  1852,  and  have  ever  since  shown  greater  fertility  and 
greater  nitrogen-assimilating  power  than  plat  11.  This  is  probably 
not  wholly  due  to  the  survival  of  the  effects  of  the  early  potash  dress- 
ings. These  two  plats  have  since  1852  been  respectively  supplied 
with  annual  dressings  of  sodium  and  magnesium  salts,  the  soil-solvent 
act  ion  of  which  has  probably  liberated  natural  soil  potash.  But  in 
any  case  they  have  grown  larger  crops  than  plat  11,  assimilating, 
therefore,  more  of  their  nitrogen  supply — a  fact  which  accords  most 
interestingly  with  the  smaller  quantity  of  nitrates  in  their  subsoils. 

HOW  FAR  DO  THE  NITRATES  FOUND  ACCOUNT  FOR  NITROGEN  LOST? 

In  Table  26  we  constructed  a  balance  account  for  the  nitrogen  sup- 
plied to  various  plats,  the  nitrogen  removed  in  the  crops,  found  in  the 
sin  face  soil,  and  not  accounted  for — the  unaccounted  for  nitrogen 
being  described  as  mainly  nitrogen  lost  in  drainage  and  the  small 
quantity  possibly  accumulated  in  the  subsoil.  We  took  as  a  standard 
plat  3  (unmanured).  If  we  reconstruct  the  table,  taking  plat  5 
(minerally  manured  but  receiving  no  nitrogen)  as  the  standard,  we 
get  slightly  different  but  equally  comparable  figures  which  are  more 
convenient  for  our  present  purpose.  The  table  will  then  be  nearly 
on  the  same  lines  as  that  of  Sir  Henry  Gilbert,  given  in  his  lectures 
to  you  (p.  156),  in  which  he  estimated  the  annual  additions,  removals, 
accumulations,  and  losses  of  nitrogen  for  the  plats  over  a  period  of 
thirty  years — 1852-1881.  The  table  was  based  on  the  results  chron- 
icled and  discussed  in  the  paper  on  the  rain  and  drainage  waters  at 
Rothamsted,  referred  to  on  page  49,  and  included  an  estimate  of  the 
nitric  nitrogen  contained  in  the  pipe  drainage  from  the  various  plats 
based  upon  a  large  number  of  analyses,  but  not  purporting  (owing  to 
the  incompleteness  of  the  analyses)  to  be  more  than  a  probably  fair 
estimate.  The  earlier  results  were,  however,  supplemented  by  the 
results  obtained  by  the  analysis  of  the  1881  soil  samples.  I  have 
endeavored,  in  a  corresponding  table,  to  arrive  at  an  estimate  for  the 
longer  period  of  fifty  years,  lasting  from  the  beginning  of  the  experi- 
ment i<»  L893.  The  figures  for  t  lie  accumulations  of  total  nitrogen  are 
based  on  the  analyses  of  the  1  s<»:j  samples,  and  the  crop  estimates  are 
l);i-c<l  on  actual  analyses  of  the  produce  for  forty  years,  andonanesti- 
mate  made  for  I  he  crop  yields  of  each  plat  for  the  earlier  years  in  which 
analyses  of  the  grain  and  straw  were  not  made.  The  average  annual 
estimates  are  probably  correel  within  aboiil  1  pound  per  acre.  The 
estimates  of  loss  by  drainage,  however,  are  adopted  from  Sir  Henry 
Gilbert's  former  estimal es. 
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r.vi'.LK  W.—Hroadbalk  a-}, rat  soils,  plats  la,  U,  J ,\  13,  14,  ami  / — Supply,  esti- 
mated  removal,  accumulation,  and  loss  of  nitrogen  hi/  drainage,  etc. 


BBS  1881  OW  years  i : 

Plat  10  

Plat  11  

Plat  I-'  

Plat  IS  

Plat  14  

Plat  7  


Averatfo 


»»:{  L883  <50  years): 

Plat  l"a  ."  

Plat  10b  

Plat  11  


Plat  YZ 
Plat  18 
Plat  1 1 
Plat  7  . 


Avcra^i' 


Nitrogen  per  acre  per  annum  in  excess  of  that  for  plat  5. 


Added 
in  ma 
nure. 


I'oUllds. 


Mi 


Remov- 
ed in 
crops. 


Pottndt. 

vz  t 
17.  7 

zil 

24.1 


8.0 
U.0 
I5.n 
I7.i) 
81.0 
80.0 


Hi. 


Annually 
ac<  u  mulat- 
ed  in  sur- 
face soil. 


Pounds. 
a4.8 
a  11.6 

a  14.6 
a  17.8 
a  15.  5 

a  19. 3  | 


Unaccount- 
Estimated!  ed  for  (sub- 
loss  tr,,m  s::iMr^ir 

drain 


pipes. 


I 'min  <Is. 
31.2 
88. 5 
24.5 
85.  6 
27.5 
19.0 


OT  accumu- 
lation and 
any  other 


Pounds. 


87.6 
28.2 
24.7 
l!t.2 
18.9 
21.8 


a  13.  9 


c3.0 
c8.0 
c6.0 
c9.5 
c8.0 
<l>  5 
ell.O 


LV,  n 


31.0 
31.0 
2S  5 
24  5 


0.0 
26.7 


25. 1 


44.0 
41.0 

36. 5 
85.0 
31.5 
86.0 
31.0 


35.0 


a  Soil  accumulation  liased  on  analyses  of  1HM1  samples. 
6  8ee  note  11  a,"  Table  26,  p.  10. 

'  Soil  accumulation  based  on  analyses  of  1S93  samples. 

The  estimated  annual  quantity  of  nitrogen  in  excess  of  plat  5, 
ielded  in  crops  over  the  fifty  years  IS4:>-  1  as  compared  with  the 
hirty  years  IS.5:MSS:$,  is  lower  throughout,  chiefly  owing  lolhe  higher 
yerage  yield  of  nitrogen  in  plat  5 — namely,  24  pounds  per  acre  per 
nnum  instead  of  20. J  pounds — arrived  at  by  including  the  earlier 
ears  of  the  experiments,  when  plat  n  received  dressings  of  ammo- 
ium  salts  and  gave  far  higher  crops  than  since  18o2.  Then  the 
nnual  soil  accumulation — one-fiftieth  of  the  difference  found  in  1893 
ii  the  surface  soil  in  excess  of  plat  — is  less  than  was  shown  over  the 
nirty-year  period,  there  being  necessary  limits  to  accumulation,  and 
he  differences  becoming  smaller  when  they  are  reduced  to  average 
nnual  differences  over  so  many  years.  When  the  estimated  annual 
nantity  unaccounted  for  is  averaged,  the  fifty-year  period  shows,  as 
re  should  expect,  a  greater  annual  loss.  The  chief  difference  is  in 
>liit  LI,  which  has  accumulated  nothing  on  the  average  since  1881, 
rhile  plat  5,  with  which  it  is  compared,  has  only  lost  about  2  pounds 
er  acre  per  annum.  Indeed  all  the  surface  soils  but  that  of  plat  14 
pe,  according  to  the  L893  analyses,  somew  hat  lower  in  total  nitrogen 
ban  in  L881,  and  the  annual  loss  of  nitrogen  in  drainage,  in  propor- 
ion  to  the  nitrogen  supplied,  would  appear  to  be  in  later  years  above 
he  average  estimates  for  the  iit'i\  years.  Now,  in  1881  no  subsoil 
amples  were  taken  below  the  third  depth,  and  the  conclusion  that 
he  Loss  unaccounted  for  in  the  pipe-drainage  waters  was  mainly  in 
ubsoil  drainage,  though  a  fair  deduction,  was  without  means  of 
It  is  therefore  interesting  to  see  how  far  the  examination  of 


•roof. 
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the  deeper  subsoils  sampled  in  1893  helps  to  corroborate  the  conclu- 
sion.   This  is  seen  in  the  following  table: 


Table  40. — Broadbalk  wheat  soils,  plats  10a,  10b,  11,  12,  13,  14,  and  7— Estimated 
loss  of  nitrogen  compared  with  the  nitrates  actually  found. 


Estimated  average 
annual  loss  of  ni- 
trogen per  acre  in 
excess  of  plat  5  not 
accounted  for  in 
pipe  drainage. 

Nitrogen  as  nitrates  found  per  acre  in  1893 
in  excess  of  that  in  corresponding  depths 
of  plat  5. 

1881  (30 
years). 

1893  (50 
years). 

First, sec- 
ond, and 
third 
depths 
(1  to  27 
inches). 

Second 
and  third 
depths  (9 
to  27 

inches). 

Fourth  to 

eighth 
depths  (27 
to  72 
inches). 

First  to 
eighth 
depths  (1 

to  72 
inches). 

Plat  10a   

Pounds. 
}  37.6 

Pounds. 
f  44.0 
1  41.0 
36.5 

a5.o 

31.5 
26.0 
31.0 

Pounds. 
30.1 
33.4 
32.0 
32.7 
30.4 
37.0 
23.6 

Pounds. 
28.1 
34.5 
30.9 
29.0 
27.0 
34.2 
19.2 

Pounds. 

Pounds. 

Plat  10b    

Plat  11  

Plat  12  

Plat  13     

Plat  14   

Plat  ;   

Average  

28.2 
24.7 
19.2 
18.9 
21.8 

31.3 
24. 4 
14.5 
26.1 

38.3 

63.3 
57.1 
44.9 
53.2 
41.9 

25.1 

&5.0 

31.3 

29.0 

26.9 

52.1 

Nitrates  are  shown  to  exist  at  a  considerably  greater  depth  than  72 
inches.  For  instance,  plat  7,  in  its  ninth  and  tenth  depths  contains 
8.7  pounds  per  acre  more  of  nitric  nitrogen.  The  other  plats  were  not 
sampled  more  deeply.  How  long  a  given  quantity  of  nitric  nitrogen 
takes  to  travel  down  below  this  depth  we  can  not  say  and  therefore 
we  do  not  know  how  much  of  the  subsoil  nitrates  was  formed  within  a 
year.  But  at  all  events,  viewing  the  matter  broadly,  we  seem  to  find 
existing  at  one  time  in  the  soil  and  subsoil  sufficient  nitrates  to  fairly 
justify  the  conclusion  that  the  annual  loss  of  ammonia  is  well  accounted 
for.  However,  as  has  been  already  said,  although  ammonium  salts 
nitrify  rapidly  under  favorable  circumstances,  it  is  nevertheless  possi- 
ble, and  indeed  probable,  that  some  of  the  ammonia  of  the  ammonium 
salts  applied  in  the  Very  dry  season  of  1893  had  not  become  nitrified 
at  the  time  at  which  these  samples  were  taken. 

CHLORIN. 

GENERAL  DISCUSSION  AND   FULL   STATEMENT   OF  ANALYTICAL 

RESULTS. 

Ucfore  proceeding  to  further  discuss  the  nitrogen  question,  we  may 
pause  a  while  here  to  consider  the  results  of  the  determinations  of 
chlorids  in  the  various  soils  and  subsoils,  as  these — being,  like 
nitrates,  soluble  and  migratory  constituents — throw  some  light  upon 
the  movements  of  water  in  the  soil,  and  are  indirectly  interesting  in 
connection  with  the  question  of  soil  nitrates  and  their  movements. 
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One  point  of  interest  in  determining  the  amount  of  ehlorin  was  as 
ome  gauge  of  the  migrations  of  soil  constituents  in  the  soil  and  sub- 
oil.  The  subject  is  also  of  interest  inasmuch  as  ehlorin,  like  sul- 
furic acid  and  nitric  acid,  is  responsible  for  the  removal  of  lime  from 
In-  >oil  in  the  form  of  drainage.  The  following  table  shows  the  ehlorin 
listing  as  chlorids  found  in  the  1803  samples  of  each  plat  to  each 
eplh  sampled.  The  results  are  stated  as  parts  per  million  of  line 
ry  >oil  and  as  pounds  per  acre. 
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You  may  be  reminded  that  a  large  quantity  of  chlorin  is  supplied 
to  many  of  these  soils  in  the  form  of  ammonium  ehlorid,  for,  in  every 
case  in  which  ammonium  salts  are  used  they  consist  half  of  ammo- 
nium sulphate  and  half  of  ammonium  ehlorid.  Of  the  chemically 
manured  plats,  plat  5  alone  receives,  intentionally,  no  chlorin,  but  a 
small  quantity  is  introduced  as  impurities  in  the  other  commercial 
saline  matters  used  as  mineral  dressings.  Thus  we  notice  that  there 
is  more  chlorin  in  the  upper  depths  of  plat  5  than  in  the  correspond- 
ing depths  of  plat  3  ox  plat  4,  which  receive  nothing  but  the  chlorin 
which  annually  finds  its  wajMnto  the  land  in  rain.  In  the  dunged 
plats,  down  to  the  third  depth,  we  find  on  the  average  about  twice  as 
much  chlorin  as  in  the  unmanured  plats. 

The  plats  manured  with  ammonium  salts  are,  as  we  should  expect, 
richer  in  chlorin  than  the  plats  not  so  manured,  though  the  quantity 
found  in  the  surface  soils  is,  as  a  rule,  smaller  than  we  might  expect, 
owing,  no  doubt,  to  washing  down  from  the  surface  soils  into  the 
lower  depths  during  the  rains  between  harvest  and  the  time  of  col- 
lecting the  soil  samples. 

The  quantity  of  chlorin  contained  in  the  lower  depths  of  the  plats, 
the  sampling  of  which  has  been  carried  down  deeply,  especially  of 
plat  5 — which  receives  no  chlorids  except  as  impurities  in  its  mineral 
manures — is  far  higher  than  would  have  been  expected.  The  total 
quantity  of  chlorin  contained,  from  the  surface  to  the  tenth  depth 
(90  inches),  is  nearly  153  pounds  per  acre,  or  15.29  pounds  per  acre,: 
on  the  average,  for  each  depth  of  9  inches.  On  the  whole,  too,  tliiaj 
quantity  is  fairly  uniformly  distributed. 

Now,  the  average  quantity  of  chlorin  which  falls  annually  in  the 
rainfall  at  Rothamsted,  as  calculated  on  observations  for  twenty-two 
harvest  years,  1877-78  to  1898-99,  was  14.75  pounds.  Observations 
made  on  the  waters  running  through  the  soil  drain  gauges  during  the 
same  time  have  shown  that  the  chlorin  in  the  drainage  from  the  gauge 
containing  20  inches  of  soil  has  averaged  14.20  pounds  per  annum; 
thai  in  the  water  from  the  gauge  containing  40  inches  of  soil,  15.28 
pounds;  and  thai  in  the  water  from  the  gauge  containing  GO  inches  of 
soil.  L3. 90  pounds,  the  average  of  the  three  being  14. 4G  pounds  per 
annum — thai  is  to  say,  the  average  annual  quantity  of  chlorin  con-, 
bained  in  the  water  flowing  from  the  soil  drain  gauges  is  almost 
i  act ly  equal  to  the  average  annual  quantity  coming  down  in  rain. 
Yei  we  see  thai  the  soil  of  plat  5  in  theBroadbalk  wheat  field  retains, 
en  t  Ik-  average,  within  each  depth  of  9  inches  down  as  far  as  90  inches 
a  quantity  of  chlorin  equivalent  to  that  which  falls  upon  its  surface 
each  year  in  the  form  of  l  ain.  In  other  words,  down  to  a  depth  of  90 
inches  the  soil,  though  continually  subjected  to  the  washing  influence 
of  the  pain,  contains  a  quantity  of  chlorids  equivalent  to  that  which 
rails  upon  it  during  ten  years,  neglecting  the  very  few  pounds  annu- 
ally supplied  to  ii  as  impurities  in  the  manures. 


THE   BKOADBALK    WHEAT  BOIL8. 


83 


When  we  examine  the  figures  for  the  plats  actually  receiving 
Pblorids,  very  into  nesting  differences  arc  found.  Where  4'5  pounds  of 
litrogen  per  acre  ifl  annually  supplied  as  ammonium  salts  (half  as 
•hlorid).  as  on  plat  6,  50  pounds  of  chlorin  will  be  included  in  the 
pressing.  On  the  various  plats  receiving 86  pounds  of  nitrogen  per 
fore  as  ammonium  salts,  the  annual  quantity  of  chlorin  included  is 
\\-  pounds,  and  where  129  pounds  of  nitrogen:  per  acre  is  supplied,  as 
>n  plat  S,  ID*  pounds  of  chlorin  are  included  in  the  dressing. 

If  we  compare  the  figures  relating  to  plats  A,  n.  7,  and  s,  we  see 
ihat,  though  there  is  practically  little  difference  in  the  first  9  inches, 
here  is,  if  we  take  the  second  and  third  depths,  more  chlorin  in  the 
soil  the  more  there  has  !>een  applied  in  manure,  though  the  difference 
[snot  precisely  proportional;  and  in  t  he  lower  (fourth  to  tenth)  depths 
here  is,  in  every  case  l>ui  one,  more  chlorin  found  in  the  soil  of  plat 
5  than  in  that  of  plat  5,  more  in  that  of  plat  7  than  in  that  of  plat  6, 
Knd  more  in  that  of  plat  8  than  In  that  of  plat  7.  Taking  into  account 
the  total  depth  of  !M)  inches,  the  chlorin  found  in  plat  amounts  to 
l'n'.'.'i  pounds  per  acre;  that  in  plat  6  to  195.98  pounds;  that  in  plat 
rtO-241.35  pounds;  and  that  in  plat  8  to  318. o7  pounds.  Plats  (>,  7,  and 
3,  therefore  contain  in  their  ten  depths,  in  round  numbers,  respect  ively, 
['.\  pounds,  ss  pounds,  and  1  »i.*>  pounds  in  excess  of  what  we  find  in  plat 
a  numbers  which  bear  on  the  whole  a  striking  resemblance  to  the 
|Uantities  of  chlorin  contained  in  the  ammonium  salts  supplied  to  each 
plat — namely,  56  pounds,  ill'  pounds,  and  168  pounds,  respectively. 
We  therefore  find,  retained  in  the  total  ten  depths  of  0  inches  each, 
the  chlorin  of  ten  years'  rainfall,  and  in  addition  approximately  that 
>f  one  year's  application  of  ammonium  salts.  The  chalk  is  not  far 
below  these  ten  dept lis,  and  t  here  will  doubtless  be  a  larire  annual  loss 
fcy  drainage  carrying  off  bases  from  the  soil  combined,  a moug  other 
forms,  as  chlorids.  It  is  certainly  very  remarkable  to  find  that  a  con- 
stituent whose  salts  are  so  soluble  as  those  of  chlorin  should  be 
retained  to  so  great  an  extent  in  the  soil,  or  that  the  amount  retained 
should  bear  Mich  obvious  relation  to  the  annual  sources  of  supply. 
It  would  seem  that  the  clay  enters  into  some  sort  of  combination 
with  the  chlorids  from  which  they  are  only  dislodged  by  a  very  free 
•ipplicat  ion  of  water. 

The  difficulty  of  removing  chlorids  from  soil  by  percolation,  except 
when  a  relatively  very  Large  quantity  of  water  was  used,  was  demon- 
strated in  some  experiments  described  in  the  paper  on  the  rain  and 
Lrainage  waters  at  Rothamsted,  referred  to  on  p.  49. 

Referring  bo  tin  results  recorded  for  plats  11,  12  13, and  14,  where 
he  same  quant  M  y  of  ammonium  salts  is  applied  annually  with  differ- 
m1  mineiai  manures,  it  is  seen  that  the  total  retention  of  chlorin, 
low  ii  to  8  times  '.»  inches,  varies  but  very  little,  though  considerable 
Variations  an  found  in  the  first  3  depths. 

Comparing  plats  15  and  16,  the  former  of  which  receives  ammonium 
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salts  every  year  containing  112  pounds  of  ehlorin  per  acre,  the  latter 
having  received  for  ten  years  the  same  quantity  of  nitrogen  as  plat 
15,  but  in  the  form  of  sodium  nitrate,  we  find  the  quantities  of  ehlo- 
rin contained  in  the  eight  depths  examined  to  be,  respectively,  in  round 
numbers,  232  pounds  and  118  pounds  per  acre;  the  difference  of  114 
pounds  being  almost  exactly  the  quantity  of  ehlorin  contained  in  a 
year's  application  of  ammonium  salts.  On  the  sodium  nitrate  plat  the 
quantity  of  ehlorin  is  almost  the  same  as  on  plat  5,  without  ammo- 
nium salts. 

It  will  be  noticed  throughout  that  below  the  first  two  or  three  depths 
t  here  is  comparative  uniformity  in  the  quantity  of  ehlorin  found  from 
depth  to  depth  in  each  plat,  and  the  differences  are  probably  due  to 
more  or  less  of  absorbent  clayey  matter,  with  corresponding  varia- 
tions to  the  quantity  of  sand  or  gravel  which,  when  in  excess  would 
tend  to  aid,  and  when  in  deficiency  to  retard,  percolation. 

CHLORIN  IN  CROPS. 

It  is  interesting  here  to  see  the  quantities  of  ehlorin  contained  in 
the  crops  produced  on  the  various  plats.  The  following  table  (Table 
43)  shows  this  for  some  of  the  plats  over  a  period  of  forty  seasons, 
namely,  from  1852  to  1891.  The  ehlorin,  it  should  be  observed,  is 
mainly  found  in  the  straw  as  part  of  the  miscellaneous  unassimilated 
matters  of  the  steins  and  leaf,  the  quantity  in  the  grain  itself  being 
comparatively  trifling. 

Table  43. — Broadbalk  wheat  plats — Chlorin  per  acre  removed  per  annum  in  total 
produce  {grain  and  straw). 


Chlorin  in  grain  a.nd  straw  per  acre: 
Average  of  10  years— 

1852-1861  

1862  iH7i  

1K72  IKH1   

\m>  mn  


Average  

Total  produce  per  acre  (grain  and 
straw): 

I  i  years'  average  

( Ihlorin  per  1,000  pounds  of  produce 
i  grain  and  straw),  average  


Plat  2b,  farmyard 
manure. 

Plat  3,  unmanured. 

Plat    5,  minerals 
only. 

Plat  7.  full  minerals 
and  ammonium 
salts. 

Plat   10a,  ammo- 
nium salts  only. 

Plat   10b,   a  m  m  o- 
nium  salts  only. 

Plat  11,  phosphates 
and  ammonium 
salts. 

Plat  12.  phosphates, 
sodium,  and  am- 
monium salts. 

Plat  13,  phosphates, 
potassium,  and 
ammonium  salts. 

Plat  14,  phosphates, 
magnesium,  and 
ammonium  salts. 

Lbs. 

Lb.*. 

Lbs. 

TM. 

Lb  ft. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

6.  78 

1.7] 

2.  59 

8. 52 

3.32 

4.  10 

:;.  59 

6.05 

8.27 

7.54 

7.26 

1.58 

2. 12 

9.33 

2.  70 

3.70 

4.  65 

5. 74 

9.81 

6.00 

.82 

1.17 

7. 03 

1.21 

1.38 

1.83 

3.04 

6.  58 

:;  19 

7.75 

1.15 

1.46 

12.25 

2.26 

2.64 

1.87 

I  L9 

9.60 

4.06* 

6.32 
LOO 

1.32 

1,934 
0. 68 

1.84 

2, 242 
0.82 

9.28 

5,629 
1 . 65 

2.40 

3, 104 
0.  77 

2.96 

3,501 
0. 85 

2.99 

3,988 
0.  75 

4.76 

4.973 
0.06 

8.59 
5.365 

1.60 

5.20 

5.112 
1.01 

Ii  is  evident  from  the  results  given  in  this  table  that  a  high  propor- 
tion of  ehlorin  in  the  crops  is  not  merely  related  to  an  abundant  sup- 
ply of  ehlorin  in  manure.  For  instance,  the  produce  of  plat  5,  whiofl 
receives  aochlorids,  contains,  in  relation  to  its  weight,  no  less  ehlorin 
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than  that  of  plats  10  and  11,  receiving  ammonium  ehlorid  (and  sul- 
phate) with  ami  without  phosphates.  The  quantity  of  chlorin  con- 
tained in  the  produce  of  plat  12,  to  which  sodium  sulphate  is  applied 
in  addition  to  the  ammonium  ehlorid,  ammonium  sulphate,  and  super- 
phosphate, is,  in  relation  to  its  weight,  a  little — but  not  much — higher, 
and  still  a  little  higher  in  the  ease  of  the  dunged  plat.  But  all  these 
plats,  with  1  he  exception  of  7  and  13,  show  a  rat  io  of  chlorin  to  produce 
comprised  within  a  range  of  from  0.68  (unmanured  plat)  to  1.09 
[dunged  plat)  per  1,000  pounds  of  grain  and  straw.  Hut  on  plats  7 
ami  13,  tie-  plats  which,  in  addition  to  ammonium  salts  and  super- 
phosphate, receive  potassium  sulphate,  the  rat  ios  of  chlorin  to  produce 
are  L. 65  and  1.00,  respectively,  per  1,000  pounds  of  produce.  These 
two  plats  arc  the  healthiest,  most  flourishing,  and  most  abundantly 
yielding  of  all  t  he  chemically  manured  plats,  as  has  been  already  more 
than  once  pointed  out;  and  their  prosperous  condition  is  without 
doubt  the  direct  result  of  the  potash  supplied  to  them.  But  the 
dunged  plat  is  also  a  prosperous  plat,  ami  yields  heavier  crops  than 

these;  yet  the  chlorin  contained  in  a  given  weight  of  its  produce  is 
much  less  than  in  1  he  case  <»f  plats  7  and  13.  The  presence  of  the 
increased  quantity  of  chlorin  in  the  crops,  therefore,  can  not  be 
regarded  as  merely  a  necessary  index  of  well-being  or  of  vigorous 
growl  h. 

The  high  ratio  of  chlorin  to  produce  on  plats  7  and  13  can  not  be 
attributed  to  accident.  Not  only  arc  the  plats  far  apart  on  the  field, 
but  their  altogether  exceptional  chlorin  contents  are  deduced  from 
analyses  of  the  ashes  ranging  over  forty  years,  and  the  high  chlorin 
results  in  the  crops  of  both  plats  are  persistently  shown  in  each  ten 

Spears'  average. 

(  hlorin  is  applied  to  the  soil  in  the  form  of  ammonium  ehlorid ;  but 
this  form  we  know,  of  course,  it  can  not  retain,  for  its  ammonia  is 
converted  into  nitrates,  and  the  chlorin  must  combine  with  other 
bases,  the  most  obvious  being  calcium.  It  seems  possible  that  the 
calcium  ehlorid  first  formed  may  to  some  extent  decompose  the potas- 
simn  sulphate  present  on  these  plats,  forming  potassium  ehlorid,  and 
that  potassium  ehlorid  maybe  more  freely  taken  up  by  the  plants 
than  sodium  ehlorid.  It  is  true  that  plat  L3  was  found,  in  the  1893 
soil  sample,  to  contain  in  its  second  depth  a  much  larger  quantity  of 
chlorin  than  its  neighbors — plats  11,  12,  and  14;  but  this  was  not 
noticed  to  be  the  case  with  plat  7. 

We  have  records  of  the  potash  contained  in  the  crops  over  the  same 
period,  and  from  these  il  appears  thai  increase  in  the  potash  contained 
in  the  crops  per  acre  is  in  every  ease  accompanied  by  an  increase 
in  the  chlorin  contained  in  the  crops;  and  if,  instead  of  regardingthe 
quantities  per  acre,  we  regard  the  quantities  contained  per  1,000 
pounds  of  produce,  and  take  the  plats  that  are  strictly  comparable 
(e.  g.,  plats  11,  12,  13,  14,  and  7),  including  also  plat  2,  we  find  that 
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increase  of  potash  for  a  given  weight  of  crop  is  accompanied  by 
increase  of  chlorin.    This  is  seen  in  the  following  table: 


Table  44. — Broadbalk  wheat  soils — Potash  and  chlorin  in  crops  on  various  plats. 


Plat  3,  unmanured. 

Plat  5,  minerals 
only. 

Plat  10a,  ammonium 
salts  only. 

Plat  10b,  ammonium 
salts  only. 

Plat  11,  phosphates 
and  ammonium 
salts. 

Plat  12,  phosphates, 
sodium,  and  am- 
monium salts. 

Plat  14,  phosphates, 
magnesium,  and 
ammonium  salts. 

Plat    2,  farmyard 
manure. 

Plat  13,  phosphates, 
potassium,*  and 
ammonium  salts. 

Plat  7,  full  minerals 
and    ammonium  1 
salts. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Potash  per  acre  in  produce, 

annually,  over  40  years. . 

14.29 

19. 91 

20.37 

23. 07 

23.35 

35.01 

36.80 

50 

51. 57 

53.06 

Chlorin  per  acre  in  prod- 

uce, annually,  over  40 

years  

1.32 

1.84 

2.40 

2.96 

2.99 

4. 76 

5.20 

6.30 

8.59 

9.28 

Potash  contained  in  1,000 

pounds  of  average  prod- 

uce (grain  and  straw) 

annually  

5.85 

7.04 

7m 

8.97 

9.32 

9.40 

Chlorin  contained  in  1,000 

pounds  of  average  prod- 

uce (grain  and  straw) 

annually  

.  75 

.96 

1.01 

1.09 

1.(50 

1.65 

ACTION  OF  AMMONIUM  SALTS  ON  THE  LIME  OP  THE  SOIL. 

A  paper  "On  the  composition  of  waters  of  land  drainage,"  by  the 
late  Dr.  Augustus  Voelcker,  F.  R.  S.,1  gives  the  detailed  results  of 
the  examination  of  a  large  number  of  samples  of  drainage  water  col- 
lected from  the  Broadbalk  field  and  supplied  to  him  for  the  purpose 
by  Messrs.  Lawes  and  Gilbert  in  the  years  1866,  1867,  1868,  and  1869. 
These  results  are  the  only  ones  in  existence  giving  complete  analyses 
of  the  mineral  constituents  of  these  drainage  waters;  and  the  results 
of  Dr.  Voelcker's  analyses  are  summarized  and  expressed  as  parts  per 
million  in  the  Rothamsted  paper  "On  the  amount  and  composition  of 
the  rain  and  drainage  waters  collected  at  Rothamsted,"  already  sev- 
eral 1  imes referred  to.  (See  p.  49.)  The  results  of  the  mean  analyses 
arc  given  as  follows: 

'Journal  of  the  Royal  Agricultural  Society  of  England,  2.  ser.,  10  (1874),  pp. 
132-165. 
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Table  45. — Brnmlluilk  wheat  pints — ( '(imposition  of  drainag<  miters,  in  parts  per 
million:  samples  collected  in  1866,  1867,  t868%  ana  1S69  (Dr.  Augustus  Voclcker's 
analyses). 

[Results  of  mean  analyses.] 


_ 

1  otal 

mat 

ter. 

Lime. 

M.lUr- 
Ul'Slil. 

rot- 
ash. 

Soda. 

Nitroj,' 
Iiia. 

eil  :i< 

a  urn 

acid. 

V.  IllO- 

rin. 

Sul- 
ph  uric- 
acid. 

Phos- 
phoric 
acid. 

Plat-'  

470  1 

117  t 

4.9 

5.4 

13.7 

11.  If, 

16.1 

20.7 

108. 1 

Plat  :i  and  4  

^441.  4 

!»s.  1 

5.1 

1.7 

6.0 

.12 

:{.!» 

10.7 

24.7 

0.68 

PbtA  

826.0 

l-'4  :{ 

8  < 

5.4 

11.7 

.13 

5.1 

11  1 

08.  :> 

.91 

Plato  

107.6 

148  B 

7.9 

4.4 

10.7 

.20 

s.5 

73.3 

1 .  :>4 

PJat  7  

L02  1 

181.4 

8.3 

2.9 

10  9 

.07 

14.0 

ftl 

•in.  1 

!'l 

Plat  8  

MB  t 

197.  :i 

8.9 

2  7 

10.6 

•»7 

16.9 

89.4 

Sil.  7 

.17 

Plat  !•   

428.0 

lis.  1 

5.9 

4.1 

50.  1 

.24 

IS.  4 

12.0 

41.0 

Plat  10  

K»i  it 

184.  l 

7.4 

1.9 

.08 

13.9 

88.0 

44.  4 

1  44 

Plat  11  

IS6.II 

166.6 

7.:» 

1.0 

8  6 

.17 

15.3 

:?1 . 6 

54.  3 

1.68 

Plat  12  

580.9 

191.8 

k. 

•>  j 

:.'>  6 

.:«> 

15. 1 

89. 9 

96.7 

1.86 

Plat  13  

:»»»  a 

804.4 

9.3 

3^3 

6.1 

.16 

17.4 

:>»;  ti 

si;  «.i 

1.09 

Plat  14   

BOS  1 

230  S 

11.. 

in 

5.6 

<»!> 

19.  2 

39.4 

W.  7 

Plat  16  

8B8  B 

801. 1 

7.9 

5.  .1 

14.8 

.11 

24.6 

l^i. «-» 

!:■! 

Plat  10a  

2*0.7 

117  1 

5.  :j 

8.4 

5.1 

.09 

7.0 

11.4 

81.8 

.,1 

<i  Then  urjinanuivd 


A  careful  st inly  of  these  results  clearly  indicates  that  increase  ill 
nitric  acid,  increase  in  sulphuric  acid,  and  increase  in  chlorin  are 
Accompanied  by  a  very  marked  increase  in  Lime.  In  most  cases  the 
Increase  in  soda  <>r  magnesia  is  comparatively  small,  while  there  is, 
6n  the  whole,  lessol'  potash  than  of  any  other  base,  and  very  little 
^actuation  In  its  quantity.  The  ammonium  sulphate  and  amnion  in  in 
chlorid,  as  you  have  already  been  reminded,  are  potentially,  as  regards 
the  bases  of  the  soil,  to  be  looked  upon  as  though  t  hey  consisted  of 

hydrochloric,  sulphuric,  and  nitric  acid,  since  their  nitrification  can 

be  carried  oul  only  in  the  presence  of  a  supply  of  alkaline  bases, 
which  combine  with  the  sulphuric  acid  and  chlorin  originally  present, 
and  are  also  contained,  in  combination  with  nitric  acid,  in  the 
nitrates  formed  from  the  ammonia.  The  nitrates  are  of  course  to 
some  extent  taken  up  by  the  growing  crops;  but  the  nitric  nitrogen 
thai  passes  away  in  tin*  drainage,  like  the  sulphuric  acid  and  the 
chlorin.  must  take  away  w  ith  it  an  equivalent  quantity  Of  base,  the 
principal  base  present  in  the  drainage  waters  being  lime. 

The  drainage  waters  from  the  plats  manured  with  ammonium  salts 
contain,  on  the  average,  about  L85  parts  of  lime  per  million.  In  round 
numbers,  this  would  equal  per  acre  for  l<>  inches  percolation  of  drain- 
age water  about  1<><)  pounds  of  lime  per  annum. 

On  the  plats  unmanured,  or  manured  with  minerals  only  (plats  3,  4, 
6,  and  16),  the  average  is  339  parts  of  lime  per  million,  equal,  on  the 
same  basis  of  calculat  ion,  to  only  about ,  in  round  numbers,  250  pounds 
per  acre  per  annum  in  10  inches  of  drainage  percolation. 

It  is  interesting  to  compare  with  the  ammonia  plats  plat  9,  which 
at  that  time  received  every  year  550  pounds  of  sodium  nitrate  per 
acre.  The  drainage  water  from  this  plat  contained  only  118  parts  per 
million  of  lime  equal,  in  10  inches  percolation,  to  '2i>5  pounds  per  acre 
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per  annum,  or  only  about  the  same  quantity  as  was  found  in  the 
drainage  of  the  plats  receiving  no  nitrogenous  manure. 

There  was  found  in  the  drainage  water  from  the  sodium-nitrate 
plat  a  much  larger  quantity  of  soda  than  in  the  drainage  from  the 
other  plats,  the  excess  being  more  than  sufficient  to  combine  with  the 
nitric  acid  present.  It  is  often,  and  apparently  without  justification, 
stated  that  nitrate  of  soda  robs  the  soil  of  lime,  on  the  ground  that 
the  unused  excess  which  passes  away  in  the  drainage  water  passes 
away  as  calcium  nitrate.  But,  on  the  Rothamsted  soils  at  all  events, 
which  are  naturally  abundantly  supplied  with  lime,  such  does  not 
appear  to  be  the  case.  It  is,  on  the  contrary,  the  ammonium  salts 
which  behave  nefariously  as  regards  the  lime  of  the  soil,  and  there- 
fore it  appears  inadvisable  in  practical  agriculture  to  use  ammonium 
salts  in  place  of  nitrate  of  soda,  except  on  soils  which  contain  a  fair 
quantity  of  lime.  If  ammonium  salts  are  used  persistently  on  soils 
poor  in  lime,  care  must  be  taken  to  restore  lime  from  time  to  time*  to 
guard  against  this  form  of  loss. 

The  impoverishment  of  the  surface  soil  in  lime  under  the  continued 
application  of  large  quantities  of  ammonium  salts  appears  to  be  indi- 
cated by  the  following  analyses  which,  at  the  suggestion  of  Sir  John 
Lawes,  I  recently  made  of  some  of  the  1893  samples  of  the  Broadbalk 
soils  in  my  possession : 


Table  46. — Broadbalk  wheat  soils,  samples  collected  in  October,  1893 — Lime  in 

soils  and  subsoils. 


Depth. 

Plat  3,  continu- 
ously   u  n  m  a  - 
nured. 

Plat  5,  full  min- 
eral manures; 
no  ammonium 
salts. 

Plat  7,  full  mineral 
manures,  with 
400  pounds  am- 
monium salts 
per  acre  per  an- 
num. 

Per  cent. 

Pounds 
per  acre. 

Per  cent. 

Pounds 
per  acre. 

Per  cent. 

Pounds 
per  acre. 

First  (1  to  9  inches)  

2.464 
.481 
.638 

(53,881 
12,849 
17,820 

2.766 
.683 
.582 

71,711 
18,245 
16,246 

2.  mo 
.739 
.694 

53, 407 
19,741 
19,373 

Second  CIO  to  18  inches)  

Third  (19  to  27  inches)  

Both  plat  5  and  plat  7  receive  a  considerable  yearly  supply  of  sul- 
phate of  lime  in  the  form  of  superphosphate.  Plat  5,  as  we  should 
expect,  is  much  richer  in  Lime  in  the  first  and  second  depths  than  the 
nnmanured  plat;  hut  plat  7,  which  receives  annually  ammonium  sal ta 
as  well  as  superphosphate,  is  in  the  surface  soil  far  poorer. 

The  difference  in  lime  between  the  surface  soils  of  plats  5  and  7  is 

no  less  than  1.8,304  pounds  per  acre.  The  Lime  supplied  to  both  plats 
in  manure  has  been  the  same  in  quantity;  and  if  the  soils  originally 
contained  Like  proportions  of  Lime,  the  loss  of  lime  to  the  surface  soil 
Owing  to  the  ammonium  salts  has  been  about  360  pounds  per  acre  per 
ami  um. 
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The  foregoing  digression  followed  on  the  consideration  of  the  chlo- 
rin  results,  which,  as  dealing  with  water-soluble  constituents,  appealed 
related  to  the  water-soluble  nitrates. 

GENERAL  COMPARISON  OF  THE  QUANTITY  OF  TOTAL  NITROGEN 
PER  ACRE  IN  THE  ROTHAMSTED  SOILS  AND  SUBSOILS  WITH 
THE  QUANTITY  ANNUALLY  AVAILABLE  OR  UTILIZED  WHEN 
NONE  IS  SUPPLIED  BY  MANURE. 

Plal  5  on  the  Broadbalk  wheat  field,  continuously  manured  with 
minerals,  hut  receiving  no  manorial  nitrogen,  and  at  present  in  a  state 
of  starvation  for  lack  of  a  suflieienl  supply  of  nitrogen  in  an  assimil- 
able form,  nevertheless  contains,  in  round  numbers,  in  the  first  '27 
inches  6,401  pounds  (or  nearly  •*)  tons)  of  nitrogen  per  acre.  We 
remarked  t  hat ,  notwithstanding  1  his  large  quantity  of  nitrogen,  experi- 
ence teaches  that  a  small  lop-dressing  of  sodium  n it  rate  or  of  ammo- 
nium safts  would  in  a  single  season  convert  the  DOOT  yield  of  this  plat 
from  L4j  bushels  of  wheat ,  w  ith  1<»1  hundredweight  of  stunted  straw 
per  acre,  into  a  rich  crop  of  probably  '■>■'>  bushelsof  wheat  wit h  a  luxu- 
riant growth  of  straw.  We  observed,  then,  thai  nature  was  but  nig- 
gardly in  her  annual  doles  from  the  great  store  of  total  nitrogen 
naturally  contained  in  her  surface  soils,  and  we  asked,  "What  does 
she  spare  us,  and  how?"    At  thai  point  we  turned  aside  to  examine 

the  question  of  the  nitric  nitrogen  contents  of  the  field  as  revealed 
by  the  Latest  series  of  analyses,  and  we  may  now  return  to  the  former 
question. 

By  the  consideration  of  various  Rothainsted  results  an  attempt  has 
been  made  to  estimate  the  quantity  of  nitrogen  annually  rendered 
available  by  natural  means  for  plant  food  on  soils  cither  unmanured 
or  manured  with  mineral  dressings  only.  The  plats  selected  for 
examination  have  been  plats  3  and  5  of  the  Broadbalk  held,  examined 
separately  and  in  different  ways  in  the  light  of  the  analyses  of  the 
1SSJ  and  1 S1K}  samples;  the  unmanured  plat  (plat  3)  of  the  grass  land 
of  the  park,  with  its  mixed  herbage  (estimate  for  fort}' years) ;  the 
unmanured  continuous  root-crop  plats  in  Barn  field  (estimate  for 
thirty-sis  years);  and  the  unmanured  plats  and  superphosphate  plats, 
representing  seven  courses  (twenty-eight  years)  of  four-course  crop 
rotations  in  Agdell  field.  We  have  also  the  results  obtained  by  the 
constant  analyses  (over  twenty  years)  of  the  waters  running  from  the 
fallow-soil  drain  gauges. 

BROADBALK  FIELD. 

The  first  results  to  be  referred  to  relate  to  the  produce  of  wheat 
over  thirty  years  in  Broadbalk  field,  firstly,  on  plat  3  without  manure, 
and.  secondly,  on  plat  5,  with  mineral  manure  only. 
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Table  47. — Broadbalk  wheat  field,  plats  3  and  5 — Nitrogen  per  acre  per  annum  in 

crops  and  drainage. 


Nitrogen  contained  in  crops  30  years  (1851-52  to  1880-81) 
Estimated  loss  in  drainage  (assumed  27  inches)  

Total  -  

Nitrogen  derived  from  rain,  dew,  etc.  (estimated)  

Difference  


Plat  3. 

Plat  5. 

Pounds. 

Pounds. 

18.6 

20.3 

10.3 

12.0 

28.9 

32. 3 

5.0 

5.0 

23.9 

27.3 

On  plat  3,  without  manure,  the  average  yield  of  nitrogen  per  acre 
in  the  crops  was  18.6  pounds  per  annum,  and  the  estimated  quantity 
in  the  drainage  water,  to  a  depth  of  27  inches,  was  10.3  pounds,  giv- 
ing a  total  of  28.9  pounds  in  crops  and  drainage. 

On  plat  5  the  quantity  of  nitrogen  contained  in  the  crops  was,  on 
the  average,  20.3  pounds,  and  the  estimated  quantity  in  the  drainage 
12  pounds,  giving  a  total  of  32.3  pounds  per  acre  per  annum  in  crops 
and  drainage. 

The  quantity  of  nitrogen  estimated  to  be  contained  in  the  average 
annual  rainfall,  and  in  minor  aqueous  deposits,  such  as  dew,  at 
Rothamsted,  is  5  pounds  per  acre.  If  this  be  deducted  in  each  case, 
we  have  an  average  net  yield  of  soil  nitrogen  of  23.9  pounds  and  27.3 
pounds,  respectively,  for  the  two  plats. 

The  next  results,  shown  in  the  following  table,  also  relate  to  the 
Broadbalk  wheat  field,  and  indicate  the  quantity  of  nitrogen  in  the 
form  of  nitrates  (or  "nitric"  nitrogen)  found  in  the  soils  of  plats  3 
and  5  to  a  depth  of  27  inches,  and,  on  plat  5,  also  the  quantity  found 
in  a  depth  of  90  inches. 

Table  48. — Broadbalk  wheat  soils  (1893) — Nitrogen  as  nitrates  ("nitric"  nitro- 
gen) in  plats  3  and  5. 


Soil  27  inches  deep. 

Soil  90 
inches 
deep. 
Plat  5. 

Plat  3. 

Plat  5. 

Pounds. 
21. 00 
5.00 

Pounds. 
19. 12 
5.00 

Pounds. 
25.17 
5.00 

16.60 
18.60 

14. 12 

20.30 

20.17 
20.30 

&5. 20 

34.42 

40. 47 

Nitrogen  found  in  soil  as  nitrates  

Deduct  nitrogen  derived  from  rain,  dew,  etc.  (estimated)  

Difference  ...  

Add  nitrogen  contained  in  crops,  30  years  (1851  52  to  1880-81) 

Total  '.  


II  will  be  seen  that  when  the  5  pounds  per  acre  per  annum  for  the 
nitrogen  of  the  rainfall,  etc.,  are  deducted,  and  the  quantity  added 
which  is  estimated  to  be  contained  in  the  crops  (for  which  in  this  case 
the  thirty  years'  estimate  to  1881  is  adopted),  we  obtain  results  differ- 
ing from  the  previous  ones  in  so  far  as  we  have  substituted  for  the 
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estimate  of  nitrogen  removed  in  the  pipe  drainage  the  actual  quan- 
tity of  nitrogen  found  unused  in  the  autumn  to  the  depth  in  two  eases 
of  '27  inches  and  in  one  case  of  9<>  inches.  From  t  liese  latter  est  i mates 
w  e  find  for  plat  8  3  and  5,  35.  i'1 1  DOU  nds  and  34.42  pounds  per  acre,  respec- 
tively, of  nitric  nitrogen  contained  in  the  lirst  27  indies.  But  if  on 
plat  .")  we  include  the  nitrates  found  in  the  lower  depths,  we  get  about 
♦J  pounds  more,  viz,  40.47  pounds  per  acre  per  annum. 

No  allowance  is  made  for  the  nitric  nitrogen  temporarily  stored  as 
roots,  stubble,  and  weed  residue,  which  for  the  moment  are  regarded 
as  part  of  t  he  soil. 

GRASS  LAND. 

Next  we  have  the  result  s  calculated  from  observations  made  on  the 
grass  land  of  the  park  with  its  mixed  herbage,  the  plat  taken  for 
examination  being  the  unniannred  plat,  plat  3.  These  results  are 
given  in  the  following  short  table: 

T.vi'.i.i.    r.».     Th*     park,    Kotfatinst<d— Grass     land    (mixed     hrrbage)1    }>I<tt  3 

I  numanured  >. 

Pounds 
per  acre. 

Nitrogen  contained  in  OTOps .  first  twenty  years  (lS5f>-75).  first 


crops  only     33. 0 

Nitrogen  derived  from  rain,  dew,  eta  | estimated)   5.<» 

Difference    28. 0 

Nitrogen  contained  in  crops,  second  twenty  vears  I  1st  crops  36.0 

(1876-95)  )9d  crops  ...  13.2 

Total    39.2 

Deduct  nitrogen  derived  from  rain,  dew.  etc    5.0 

Difference    __  34.2 


Dnring  the  first  twenty  years,  in  which  the  first  crops  only  were 
removed  from  the  land,  the  annual  removal  of  nitrogen  in  hay  was 
13  pounds  per  acre;  of  this  o  pounds  annually  is  estimated  to  have 
been  supplied  by  rain,  etc.,  leaving  28  pounds  removed  in  the  crops. 

During  the  second  twenty  years,  1S7U-1S05,  both  the  first  and  sec- 
ond cuttings  were  converted  into  ha\  and  removed,  involving  a  total 
removal  of  nitrogen  of  :>".). l'  pounds  per  annum — leaving,  after  deduct- 
ing the  5  pounds  supplied  by  rainfall,  a  removal  of  pounds  of 
soil  nitrogen. 

It  is  to  be  borne  in  mind  that  tin4  mixed  herbage  contains  a  certain 
proportion  of  leguminous  vegetation,  and  that,  in  virtue  of  the  pres- 
ence of  this,  some  amount  of  fixation  of  free  nitrogen  would  contin- 
uously go  on,  which  would  reduce  to  some  extent  the  quantities 
otherwise  assumed  as  derived  from  the  soil  itself. 
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ROOT-CROP  SOILS. 

The  results  recorded  for  the  root  crops  in  Barn  field  are  as  follows : 

Table  50. — Root  crops  {Barn  field),  with  mineral  manure. 

Pounds 
per  acre. 

Nitrogen  contained  in  crops.  36  years  (1845-1880)   25.2 

Nitrogen  derived  from  rain,  dew,  etc.  (estimated)  5.0 

Difference       20.2 

The  root  crops  with  mineral  manure,  but  without  nitrogen,  gave, 
on  an  average  of  thirty -six  years,  25.2  pounds  of  nitrogen  per  acre 
in  the  crops,  or,  allowing  for  the  5  pounds  contributed  by  rain,  20.2 
pounds  per  acre  per  annum. 

ROTATION  LAND. 

The  quantities  of  nitrogen  contained  in  the  crops  on  the  two  plats 
selected  for  examination,  on  an  average  of  the  seven  courses  from 
1848  to  1875,  are  as  follows: 


Table  51. — Rotation  land  (Agdell  field). 


Unma- 
nured. 

Super- 
phosphate. 

Nitrogen  contained  in  crops  (7  courses,  1848-1875)  

Nitrogen  derived  from  rain,  dew,  etc.  (estimated)    

Difference  

Pounds 
per  acre. 
36.8 
5.0 

31.8 

Pounds 
per  acre. 
45.2 
5.0 

40.2 

The  average  annual  yield  of  nitrogen  per  acre  in  the  crops  was  36.8 
pounds  on  the  unmanured  plat,  and  45.2  pounds  on  the  plat  manured 
with  superphosphate.  After  deducting  from  each  of  these  quantities 
5  pounds  for  rainfall  nitrogen,  we  have  a  soil  removal  of  31.8  and 
40.2  pounds  per  acre  per  annum,  respectively. 

Iu  no  case,  however,  except  in  the  wheat  field,  is  loss  by  subsoil 
drainage  takes  into  account;  and  it  is  to  be  noted  that,  on  the  rota- 
tion land,  a  certain  proportion  of  the  nitrogen  yielded  would  be  due 
bo  fixation  of  atmospheric  nitrogen  by  the  leguminous  crops  of  the 
total  Ion,  which  would  be  more  in  the  case  of  the  superphosphate  than 
in  thai  of  the  unmanured  plat.  It  is  to  be  admitted,  of  course,  that 
no  one  of  the  illustrations  given  affords  exact  evidence  as  to  the 
amount  of  nitrogen  actually  available  from  the  resources  of  the  soil! 
Ea<Jh  illustration  that  we  have  given  must  be  judged  according  to  its 
condil  ions. 

RAIN  AND  DRAINAGE  (BARN  FIELD). 

If  \\<-  examine  the  results  (shown  in  the  table  below)  jnelded  by  the 
60-inch  drain  gauge,  which  is  kepi  fallow,  we  find  that,  deducting  for 
rainfall,  about  29  pounds  of  nitrogen  have  been  collected  annually  per 
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fere  in  the  drainage.  But  it  is  to  be  remembered  thai  as  there  are 
no  crops  there  is  qo  conservation  of  nitrogen  in  root  and  stubble  resi- 
due, nor  are  any  weeds  allowed  to  grow  on  t lie  soil. 

Table  52. — Barn  field  {rain  and  drainage). 

Pounds 
per  acre. 

Nitrogen  contained  in  drainage  from  GO-inck  gauge  (average  of 

90  harvest  years.  1877-78  to  1896-97).    33.87 

Nitrogen  derived  from  rain,  dew,  etc      5. 00 

Difference  ...    28. 87 

The  wheat  crops,  together  with  the  estimated  Loss  in  drainage  down 
[o  27  inches,  shov  24  pounds  without  manure  and  -27.'.)  pounds  w  ith 
mineral  manure;  and  the  question  is.  whether  there  is  any  further 
loss  !>y  drainage  below  l'7  inches.  Taking  into  account  the  nitrogen 
in  the  crops  and  thai  found  in  the  soil  as  nitrates  down  to  27  inches, 
he  quantity  has  been  seen  to  be  35.2  pounds  without  manure  and 
k.  42  pounds  with  mineral  manure;  or,  taking  the  total  quantity  of 
litrogen  as  nit  rates  down  to  90  inches  of  depth,  the  quantity  included 
in  the  w  heal  crop  with  mineral  manure  is  tO.47  pounds  per  acre  per 
innum.  Obviously,  as  we  have  already  observed  elsewhere,  the  whole 
If  the  nitric  nitrogen  found  to  any  given  depth  at  any  one  time  can 
not  be  taken  as  directly  representing  t  he  annual  aecuniulat  ion,  and  so 
far  these  results  may  be  l<»o  high. 

Then  the  results  for  the  mixed  herbage  of  the grass  land,  including 
i  small  amount  <>f  fixation  by  the  leguminous  crops,  show  28  pounds 
bid  34.2  pounds.  The. root  crops,  with  mineral  manure  alone,  show 
lily  20.2  pounds.  And  lastly,  the  rotation  crops— including  some 
LeguminossB — have  yielded  31.8  and  U).2  pounds.  It  is,  however,  to 
he  again  observed  that  no  loss  by  drainage  Is  brought  into  account  in 
lie  case  of  either  the  mixed  herbage,  the  root  crops,  or  the  rotation 
land.  In  the  case  of  the  mixed  herbage,  comprising  a  great  variety 
!>f  plants  with  widely  varying  rooi  habit  and  root  range,  and  more  or 
less  vegetation  almost  all  the  year  round,  there  would  probably  be 
comparatively  little  loss  by  drainage.  With  land  devoted  to  root 
crops  there  would  be  much  more.  Land  under  rotation,  on  the  other 
hand,  would  certainly  lose  less  than  land  under  a  continuous  cereal 
crop,  like  that  of  the  Broadbalk  field;  though  it  would  lose  more  than 
permanent,  grass  land. 

Taking  into  consideration,  therefore,  the  conditions  under  which 
the  various  results  have  been  obtained,  we  are  probably  fairly  justi- 
fied in  drawing  the  conclusion  that,  even  under  the  most  favorable 
eondit  ions  of  mineral  manuring,  without  man  u  rial  nitrogenous  sup- 
ply, the  quantity  of  nitrogen  naturally  available  from  the  enormous 
(bores  found  in  the  Rothamsted  soil  and  subsoil  is,  on  the  average, 
only  about,  or  not  much  more  than  pounds  per  acre  per  annum. 
Forty  pounds  would  probably  be  an  extravagant  estimate. 
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CONTINUOUS  WHEAT  GROWING  IN  RELATION  TO  ECONOMY  OF 

NITROGEN. 

Altogether,  the  study  of  the  nitrogen  results  indicates  that  continuous 
wheat  growing  is,  from  a  natural  point  of  view,  an  extravagant  mode 
of  farming,  only  justifiable,  like  other  extravagances,  under  the 
pressure  of  a  more  or  less  artificial  environment.  For  the  wheat  crop 
has  completed  its  growth  and  is  harvested  long  before  nitrification 
has  ceased  in  the  soil,  and  there  is  no  crop  to  take  up  either  the 
balance  of  the  nitrates  left  unused  by  the  wheat  or  the  larger  balance 
formed  after  the  active  growth  of  the  wheat  is  over;  and  these 
nitrates  must  pass  away  in  subsoil  drainage  during  the  winter,  except 
where  the  rainfall  is  small,  or  in  those  latitudes  exposed  to  long 
winter  frosts.  This  drainage,  even  on  unmanured  land,  involves  a 
serious  loss  of  nitrogen,  and  a  still  greater  loss  when  the  yield  of  the 
crops  is  artificially  increased  by  the  use  of  nitrogenous  manure. 
Ordinary  rotation  farming  tends,  far  more  than  continuous  wheat 
growing,  to  conserve  the  natural  nitrogen  of  the  soil,  and  is  the 
sounder  method  of  farming  where  local  circumstances  create  and 
maintain  a  demand  for  other  produce  than  grain — as,  for  instance,  in 
any  country  that  is  fairly  closely  populated.  But  even  rotation 
farming,  with  its  fallows,  involves  a  waste  of  nitrogen  owing  to  its 
fallow  intervals,  except  in  intensive  farming,  where  catch  crops,  like 
Trifolium  or  vetches,  can  be  grown — crops  which  absorb  the  nitrates 
of  the  soil  and  also  add,  as  we  know,  to  the  stock  of  soil  nitrogen. 
But  in  continuous  wheat  growing  this  can  not  be  done.  If  winter 
wheat  is  sown,  there  is  but  a  short  interval  between  harvest  and  seed- 
time in  which  to  clean  the  land  and  prepare  a  seed  bed.  It  is  only 
where  spring  wheat  is  grown  that  a  fallow  crop  becomes  possible  with- 
out loss  of  a  season;  and  in  wheat  culture  on  a  large  scale  it  would 
often  be  a  question  even  then  between  the  relative  economy  of 
conserving  nitrogen  or  utilizing  the  fallow  time  for  the  destruction 
of  weeds.  It  is,  of  course,  in  any  case,  only  in  mild  and  genial 
latitudes  with  a  favorable  rainfall  that  autumn  catch  crops  can 
be  satisfactorily  raised.  If  circumstances  allow  them  to  grow  well 
and  luxuriantly,  they  will  often  smother  weeds  and  extirpate  them 
as  effectually  as  will  more  direct  cleansing  operations;  but  a  poor, 
thin  catch  crop  will  often  only  encourage  the  growth  of  weeds. 

In  any  ease,  however,  in  continuous  wheat  growing  without  rota- 
t  ions  involving  Leguminous  crops,  we  must  annually  lose  some  nitrogen, 
and  if  w  e  are  to  increase,  or  even  to  maintain,  the  fertility  of  the  land, 
we  must  sooner  or  later  buy  nitrogen,  eit  her  directly  or  indirectly,  in 
the  market;  and,  il  may  be  added,  we  must  .waste  a  good  deal  of  it. 
But  we  have  seen  that  the  capital  of  soil  nit  rogen  is  very  large,  and 
that  it  is  doled  out  to  us  so  slowly  and  sparingly  that,  on  originally 
good  and  fori  lie  Land,  it  lasts  a  long  time,  despite  its  annual  diminu- 
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tioM.  Under  some  circumstances  t lie  diminution  may  be  hastened, 
while  Id  other  circumstances  it  may  be  retarded  by  the  use  of  mineral 
fertilizers,  which,  happily,  are  cheap  as  well  as  abundant.  But  on 
almost  any  land,  when  the  (dement  of  rent  or  the  saving  of  mere  land 
area  becomes  an  object,  as  well  as  the  Baying  of  labor,  the  time  must 
bome  sooner  or  later  when  continuous  wheal  growing  can  not  be  con- 
ducted on  primitive  methods.  First  comes  improved  cultivation, 
then  the  use  of  mineral  fertilizers,  ami  next  the  use  of  external  sup- 
pliesof  nitrogen.  With  such  aid,  however,  continuous  wheal  grow- 
ing can  be  carried  on  probably  forever,  on  any  reasonably  good  and 
well-conditioned  soil,  provided  that  weeds  can  be  kept  under.  But 

Only  a  port  ion  of  i  lie  purchased  nil  rogen  returns  to  us  in  the  produce, 
and  we  must  add  more  than  the  Crop  requires  Or  can  assimilate,  if  the 
land  is  to  give  iis  besi  and  most  abundant  yield.    The  balance  is  lost. 

In  ultimate  economics  there  must  be,  therefore,  agriculturally,  a 
waste  of  nitrogen  in  continuous  wheat  growing,  and  the  more  highly 
we  farm  the  greater  Ihe  waste.     But  there  may  be  in  agriculture,  as 

in  many  other  matters,  an  immediate  economical  advantage  in  an 
ultimate  economic  waste.  The  wheat  grower,  very  naturally,  does 
not  consider  a  far  remote  posterity,  but  considers  the  most  profitable 
way  of  producing  his  crop  for  the  present  and  in  the  reasonably  near 

future.  A  settler  in  a  new  country  first  plows  up  a  section  of  prairie 
with  its  accumulated  nitrogenous  fertility,  and  he  grows  wheat  on  it 
till  nature,  Libera]  at  first,  becomes  parsimonious.    Then  he  has  to 

Cultivate  better  and  keep  his  ground  cleaner,  and  after  a  time  he  has 
to  invest  a  small  quantity  of  capital  in  phosphates,  and  perhaps  in 
potasli  >alt>.  and  after  a  further  t  ime  BOme  nit  rogen  also  must  be  pur- 
i  based ;  and-  the  Question  becomes,  How  much  and  in  w  hat  form  can 
it  best  be  bought  /    In  crowded  countries  or  states,  where  a  demand 

is  iicai- at  hand,  not  only  for  wheat,  but  for  meat  and  milk  and  hides 
and  horses  and  wool  and  vegetables,  rotation  farming  and  grazing 
boon  supersede  continuous  wheat  growing  and  combine  to  conserve 
natural  fertility.  I  have  been  somewhat  surprised  to  Learn  how  Largely 
even  the  most  intensive  form  of  farming,  involving  the  systematic 
jpowt.h  of  catch  crops  on  what  would  once  have  been  fallows,  has 
already  become  established  in  some  of  the  Eastern  States  of  America. 
At  the  same  time  the  reliance  on  mere  rotation  of  crops  and  the  inci- 
dental farming  operat  ions  thereby  entailed,  without  help  from  pur- 
chased manures  or  (which  is  a  form  of  the  same  thing)  purchased 
food,  necessarily  restricts  the  work  of  the  farmer  and  Limits  the  quan- 
tity and  nature  of  the  material  he  sells.  The  difficulty  of  conserving 
the  fertility  of  the  soil  otherwise  than  by  rotation  farming  before  the 
days  of  purchased  farm  foods  and  purchased  fertilizers  was  such  that, 
as  many  of  you  may  know,  the  rotations  of  crops  were  laid  down  for 
English  farmers  in  their  farm  Leases,  and  a  tenant  farmer  were  allowed 
to  sell  neit  her  hay  nor  straw.  Science  has,  however,  changed  all  this, 
and  a  farmer  in  England  can  now  usually  grow  whatever  he  pleases. 
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In  England,  however,  with  its  high  rents  and  its  local  land  burdens 
and  its  fixed  policy  of  free  trade,  which  throws  open  our  granaries  to 
be  filled  by  your  good  selves  and  our  other  cousins  in  other  quarters 
of  the  globe,  continuous  wheat  growing  is  no  longer  one  of  the  direc- 
tions in  which  our  farmers  can  afford  to  use  the  freedom  which  has 
succeeded  to  the  old  restrictive  farming.  But  for  you  continuous 
wheal  growing  must  for  a  long  time  remain  an  economic  possibility. 
The  gradual  reduction  of  your  soils  in  nitrogenous  fertility  is  slow, 
and,  as  necessit}^  arises,  can  be  amply  met,  as  long  as  coal  and  nitrate 
of  soda  are  abundant.  We  do  not  appear  to  be  yet  within  sight  of 
t lie  end  of  the  great  nitrate  deposits,  and  coal  yields  an  increasing 
quantity  of  the  other  great  concentrated  nitrogenous  fertilizer, 
ammonium  sulphate;  and  there  are,  especially  owing  to  your  exten- 
sive animal  and  other  industries,  a  great  variety  of  other  nitrogenous 
fertilizers,  individually  less  concentrated,  but  of  great  aggregate 
quantity. 

Some  day,  when  the  nitrate  is  all  gone  and  the  coal  is  used  up,  you 
may  perhaps  realize  the  prophec}^  of  Sir  William  Crookes,  and  make 
"  electric  nitrate  "  (we  already  make  "  electric  soda")  from  the  nitro- 
gen and  oxygen  of  the  air,  using  presumably  tidal  force,  if  jTour 
Niagara  be  too  small,  for  generating  the  electricity  needed  to  bring 
about  the  combination.    But  this  is  a  dream  of  the  very  distant  future. 

MINERAL  ELEMENTS  OF  FERTILITY. 

We  have  been  thus  far  mainly  engaged,  except  for  occasional 
digressions,  in  discussing  questions  relating  to  the  supply  and  removal 
of  nitrogen  under  various  conditions.  I  would  now  direct  your  atten- 
tion to  the  results  of  certain  investigations  into  the  quantity  and 
condition  of  the  phosphoric  acid  and  potash  contents  of  the  various 
plats  of  t his  historic  field. 

Throughout  the  duration  of  the  experiments,  numerous  ash  analyses 
have  been  made  of  the  crops,  and  the  supply  and  removal  of  both 
phosphoric  acid  and  potash  with  regard  to  most  of  the  plats  can  be 
estimated  with  some  reasonable  approach  to  accuracy. 

Until  lately,  however,  no  systematic  series  of  determinations  of 
phosphoric  acid  and  potash  have  been  made  in  the  soils  themselves. 
In  L894  tin1  present  lecturer  had  the  honor  to  contribute  a  paper  "On 
the  determination  of  probably  available  'mineral'  plant  Pood  in 
soils,11'  in  which  the  use  of  a  1  per  cent  solution  of  citric  re-id  was 
proposed  as  a  means  of  approximate  differentiation  by  means  of 
analysis  between  the  total  and  the  probably  available  phosphoric  acid 
and  potash  in  soils. 

Journal  of  the  Chemical  Society,  London,  C5  (1N94),  pp.  115-107. 
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As  I  lie  chemists  of  your  country  were  good  enough  to  take  a  great 
deal  of  interest  in  this  paper,  and  to  subject  the  citric-acid  process  to 
further  investigation  and  to  make  it  the  point  of  departure  for  a 
number  of  alternative  processes — some  of  which,  no  doubt,  are  better 
applicable  to  some  kinds  of  soils  and  others  toother  kinds — I  need 
not  now  say  more  about  the  inception  of  the  process  than  to  recall  to 
you  that  it  was  t  he  result  of  an  attempt  to  imitate,  in  the  solvent  used, 
the  acidity  <>f  the  root-sap  of  flowering  plants.  This  acidity  was 
Determined  in  LOO  plants,  representing  some  twenty  different  natural 
orders. 

In  oi-der  to  test  the  proposed  method  it  was  applied  to  a  large  num- 
ber of  samples  of  soil  from  t  he  cont  inuous  barley  plat s  at  Rothamsted, 
which  bad  been  preserved  under  very  various  manorial  conditions 
for  over  forty  years.  The  results  of  this  investigation  were  referred 
fo  by  Sir  Henry  Gilbert  in  his  lectures  to  you,  and  he  mentioned  that 
I  was  then  engaged  in  extending  the  investigation  to  the  examination 
of  the  soils  of  the  Broadball  wheat  plats.  A  number  of  the  most 
typical  plats  were  selected  for  this  purpose,  and  the  samples  repre- 
senting the  first  three  depths,  drawn  in  l  were  examined,  as  well  as 
corresponding  samples,  where  these  were  available,  drawn  in  lSn7>  and 
1881.  In  all  of  these  samples  the  total  phosporic  acid  has  been  deter- 
mined, and  also  the  potash  dissolved  under  certain  conditions  by 
prong  hydrochloric  aeid.  The  quantities  of  phosphoric  acid  and 
potash  dissolved  by  a  1  per  cent  solution  of  citric  acid  under  the  con- 
ditions originally  laid  down  in  my  paper  have  also  been  determined. 
The  results  are  fully  discussed  in  a  paper  presented  to  the  Royal 
Society  of  London. 

As  in  considering  the  nitrogen  results  we  have  thus  far  confined 
our  attent  ion  to  t  he  samples  drawn  in  1  *'.».*>,  I  will  here  follow  the  same 
procedure  and  will  in  like  manner  record  the  phosphoric  acid  and 
potash  results  for  the  1803  samples,  reserving  nntil  later  a  compari- 
son between  the  newer  and  the  older  samples. 

The  accompanying  table  shows  in  a  convenient  form,  for  the  series 
of  plats  submitted  to  mineral  examination,  tin'  average  yield  of  the 
plats  as  regards  both  grain  and  straw  for  forty- two  yea rs,  1852-1893, 
and  for  the  six  years  1SS!>-1S!)4;  and  also  the  (plant ities  of  phosphoric 
acid  and  potash  applied  to  the  soil  during  fifty  years  in  the  form  of 
manure,  and  the  quantities  removed  in  the  crops  during  the  same 
period. 
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Table  53. — Broadbalk  wheat  plats. 


Manure  per  acre  per  annum. 


Unmanured  continuously  

Unmanured  continuously 
since  1852  (previously  super- 
phosphate and  ammonium 
salts)  

Ammonium  salts  alone  since 
1844  (mineral  manure  in  1844) 

Ammonium  salts  alone  since 
1844,  except  in  1846,  1848,  and 
1850  (mineral  manure  in  1844, 
1848,  and  1850)  

Ammonium  salts  and  super- 
phosphate, with  200  pounds 
potassium  sulphate  (300 
pounds  up  to  1858),  100 
pounds  sodium  sulphate  (200 
pounds  up  to  1858),  and  100 
pounds  magnesium  sulphate  . 

Ammonium  salts  and  super- 
phosphate, with  200  pounds 
potassium  sulphate  (300 
pounds  up  to  1858).  No  so- 
dium or  magnesium  salts  

Ammonium  salts  and  super- 
phosphate, with  280  pounds 
magnesium  sulphate  ( 420 
pounds  up  to  1858).  No  so- 
dium or  potassium  salts 
since  1850   

Ammonium  salts  and  super- 
phosphate, with  360.V  pounds 
sodium  sulphate  ( 550  pounds 
up  to  1858).  No  potassium  or 
magnesium  salts  since  1851.. 

Ammonium  salts  and  super- 
phosphate only.  No  potas- 
sium, sodium,  or  magnesium 
salts.  

Superphosphate,  with  potas- 
sium, sodium,  and  magne- 
sium sulphates,  as  on  plat 
7,  but  no  nitrogen  

14  tons  farmyard  manure(1843- 
44, and  every  year  since)  

14  tons  farmyard  manure,  com- 
mencing in  1881-85  


Average 
yield  per 
acre  for  42 
years, 
1852-1893. 


33| 
3H 

30f 
30i 

m 

14f 
34£ 


Cwt. 

m 


20 


32f 


31£ 


284 


23 


Average 
yield  per 
acre  for  6 
years, 

1889-1894. 


Bu.  Cwt. 
12f  9 


13| 
16* 

18 

32f 

294 

291 
21f 

14; 

40i 
301 


Phosphoric 
acid. 


Potash. 


Esti- 
mated 

addi- 
tion in 

ma- 
nures 
during 

50 
years. 


Esti- 
mated 
remov- 
al in 
crops 
during 

50 
years,  a 


Lbs. 


506 
82 


210 


3, 107 


3, 181 


3,216 


3, 189 


3, 153 


3,256 
3,920 


Esti- 
!  mated 
!  addi- 
tion in 
ma- 
nures 
during 

50 
years. 


Lbs. 
467 


528 
582 


650 


1,122 


1,061 


1,016 


1,C05 


861 


674 
1,301 


Lbs. 


235 
74 


374 


5,037 


5,287 


6566 


/>588 


b  15 


5,203 
11,760 


Esti- 
mated 
remov- 
al in 
crops 
during 

50 
years.d 


a  Estimated  from  analysis  of  separate  samples  of  grain  and  straw  from  each  plat. 
6  Applied  prior  to  1852. 

Phosphoric  acid. 

General  Discussion  and  Statement  of  Analytical  Results  on  Broadbalk 
Soils  and  Subsoils  of  189:5. 

The  total  phosphoric  acid  was  in  each  case  determined  in  10  grains 
of  the  dry  soil  by  Ignition  and  extraction  with  acid,  duplicate  deter- 
minations having  in  all  cases  been  made,  one  with  nitric  acid  as  a 
solvent  and  the  other  with  hydrochloric  acid,  the  chlorin  in  the: 
latter  case  being  Dearly  eliminated  from  the  solution  after  removal  of 
the  silica  by  repeated  evaporation  with  nitric  acid  before  adding  the 
molybdic  solul  ion. 
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The  citric-acid  results  were  obtained  by  treating  a  large  quantity 
of  soil,  usually  200  grams,  with  1  per  cent  citric-acid  solution  in  the 
proportions  of  1  liter  of  solvent  to  100  grams  of  soil,  the  soil  being 
kepi  in  dissolution  for  seven  days  with  frequent  shaking.  A  quan- 
tity of  solution  representing  50  grams  of  the  soil  was  taken  for  the 
determination  of  phosphoric  acid. 

The  results  for  all  the  plats  examined  are  given  in  fche  following 
table: 


Table  54. — BnmcUnilk  irhrat  noils,  snmjtlrs  roUrrtrtf  in  October,  1SUJ — Phosphoric 

acid  determinations. 


Plat. 

Annual  mairateg 

Total  phosphoric  acid. 

Phosphoric  acid  dissolved  hy  a  1 
per  cent  solution  of  citric  acid. 

First 
depth. 

Sect  >nd 
depth 

Third 

depth. 

First 
depth. 

Second 
depth. 

Third 
depth. 

1 

U 
Oh 

i 

it 
V 

cu 

i 
■ 
o 

h 

m 

i . 
/  • 

IS 
l 

d 
■ 

u 

Pounds  per 
acre 

a 
■ 
B 

u 

C 

t 
§5 

a 

Q 
u 

Cm 

a 

8 

0 

CU 

Pounds  per 
acre. 

2a 

lb 

1 
4 

lite 
tin. 

u 

12 
U 
14 

Fa  rin  y  :i  r  d  ma 

atura  since  ISM 

Fa  r  in  y  a  rd  inn 

mire  .Vi  years 
l  nmanured  .... 
Untnanurod  since 

1K52   .. 

Full  minerals 

Full  minerals  and 
anmioniumsalts 

Aminoniuin  salts 
i  DO  m  i  n  e  ra  Is 
since  1844)  

Ammonium  salts 
i  no  in  i  imrals 
sin<-«>  ls.V)  i 

Phosphates  a  n  <1 
ammonium  salts 

Phosphates,  sodi- 
um and  ammo- 
nium salts   

Phosphates  po- 
tassium,   a  D  d 
ammonium  salts 

Phosphates,  matf 
nesium.andain- 
monium  salts  . . . 

0. 105 

.114 

.153 

.219 

.  us 
m 

.  IS? 

.m 

M 

.264 

A,  Ml 

."..Ills 

2.950 

8,  1 1 1 

5,878 

5,068 
:i.  188 

5, 107 
5,211 

5,816 
5,288 

0.  otc. 

m 

.118 
.  KM 

.  1M7 
.080 

111 

.  ISO 

.  ins 

.898 
.  105 
.ill 

8,681 

8,980 

8,019 

8,881 

8, 858 
8,291 

2.905 

2,885 
2,818 
2,805 
2.905 

0.084 

ii-:; 
.  007 

.  <R»7 
.112 

.  07# 
.  105 

111 

.081 

.881 

.0*1 

.118 

8,845 

2.  .!17 

8,  708 

8.  me 

8, 126 
2,886 

8,883 

5,008 
8,540 

2,289 

8,281 

8, 154 

8.8881 

.0588 
.0(>78 

.(110(1 

.8842 
ji->\: 

.0074 

.0074 
.  0405 

.0418 

.0134 

.0042 

nr. 

1,867 
:.'<e 

1 . 686 

1.  lis 

182 

198 
1,050 

1,071 

1,126 

1 . 1 16 

a  0052 

0094 

.0041 

.0024 
.0052 

.0088 

.(KKJl 

.0048 
.0028 

.  0085 

.0027 

.0023 

189 

251 
110 

84 
188 

102 

88 

US 
75 

!»4 
61 

0. 0028 

.0021 

.0017 
.0086 

.0080 
.8018 

.INC.M 

.0017 
.0020 
.0010 
.0023 

78 

85 
59 

48 
Mil 

84 

. 

59 

u 

5(5 
45 
(54 

I  would  first  direct  attention  to  the  figures  representing  the  con-  • 
tents  of  the  Surf  ace  soil  or  lirsl  9  inches,  for  it  is  in  this  depth  that 
■he  variations  in  phosphoric  acid  are  mainly  found,  the  greater  part 
of  the  unused  phosphates  applied  to  a  soil  containing  so  much  clay  as 
the  Rothanisted  loam  being  evidently  mainly  retained  in  the  surface 
soil,  though,  as  we  shall  see,  some  port  ion  does,  under  some  condi- 
t inns,  find  its  way  into  i he  subsoil. 

The  following  table  shows  the  percentages  of  total  and  citric-acid- 
soluble  phosphoric  acid  in  each  separate  plat,  and  the  average  yield 
of  grain  and  straw  for  six  recent  years,  viz,  L889-1894,  the  last  named 
being  the  season  following  the  soil  sampling: 
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Table  55. — Broadbalk  wheat  soils,  samples  collected  in  October,  1803. 


Plat. 

Annual  manuring  for  50  years  (with  only  minor 
variations  during  earlier  years). 

Phosphoric  acid 
(P0O5)  in  fine  dry 
soil    (first  0 
inches). 

Average  yield 
per  acre  (1889- 
1894). 

Total. 

Dissolved 
by  1  per 
cent  citric- 
acid  solu- 
tion. 

Wheat. 

Straw. 

3 
4 

10a 
10b 

7 

13 
14 
12 
11 
5 

2b 
2a 

Unmanured  continuously  

Unmanured  continuously  since  1852    

Ammonium  salts  onlv,  since  1844   

Ammonium  salts  only,  since  1850  

Superphosphate  and   ammonium    salts,  with 
potassium,  sodium, and  magnesium  sulphates.. 

Superphosphate  and   ammonium    salts,  with 
potassium  sulphate  .  _  

Superphosphate    and   ammonium  salts,  with 

Superphosphate   and   ammonium   salts,  with 

Superphosphate  and  ammonium  salts  only  

Superphosphate  and  potassium,  sodium,  and  mag- 
nesium sulphates  (no  nitrogen).  

14  tons  farmyard  manure...  

14  tons   farmyard    manure  (commencing  in 
1884-85)  

Per  cent. 
0. 114 
.120 
.123 
.126 

Per  cent. 
0. 0OZ8 
.0100 
.0074 
.  0074 

Bushels. 
12* 
13£ 
16^ 
18 

Cwt. 

% 

m 
m 

195 

.205 

.204 

.201 
.197 

0547 

.  0434 

.0442 

.0413 
.0405 

OAs 

32| 

29^ 

29£ 
21f 

00% 

31} 
27b 

m 

.219 

.0642 

24f 

m 

.215 
.  165 

.  0560 
.0321 

40| 
30} 

38| 
28| 

These  results  may  be  condensed  by  averaging  the  four  soils  which 
have  been  wholly  without  phosphatic  manure  since  1850;  and  also  the 
five  soils  continuously  receiving  superphosphate  in  conjunction  with 
nitrogen. 


Table  56. — Broadbalk  wheat  soils,  samples  collected  in  October,  1S93. 


Plats. 

Annual  manuring. 

Average  percent- 
age of  phosphoric 
acid  in  fine  dry 
soil. 

Average  yield  per 
acre  (1889-1894). 

Total. 

Dissolved 
by  1  per 
cent  citric- 
acid  solu- 
tion. 

Wheat. 

Straw. 

Per  cent. 

Per  rent. 

Bushels. 

Cwt.  . 

I,  (.  Ida, and  10b  ... 

0.  L21 

0.0082 

m 

m 

7,13, 14,12,11  

Superphosphate  and  ammonium 

.200 

.0448 

m 

salts,  with  and  without  alkaline 

salts. 

r. 

Superphosphate  and  alkaline  salts, 

.  219 

.0642 

14J 

10J 

without  nitrogen. 

2b  

1 1  tons  farmyard  manure  for  50 

.215 

.0580 

40? 

38| 

years. 

14  tons  farmyard  manure    for  9 

.  165 

.0321 

30} 

28» 

years  only. 

Of  these  lour  groups  of  plats,  the  firsl  is  suffering  from  phosphatic 
starvation,  aggravated,  in  two  of  the  Tour  plats  comprising  it,  by  a 
free  supply  of  ammonium  salts.  The  average  yield  has  dropped  to 
a  Little  over  15  bushels  of  grain  per  acre  and  less  than  L2  hundred- 
weight  of  straw. 

In  the  next  group,  of  tive  plats,  superphosphate  lias  been  freely  and 
continuously  supplied,  as  well  as  nitrogen  in  the  form  of  ammonium 
salts,  while  on  four  out  of  the  five  plats  of  this  group  "alkaline" 
Salts  (potassium,  sodium,  and   magnesium  salts,  together  or  sepa- 
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rately)  have  1  >♦  < ■  n  likewise  applied  annually.  Here  the  average  yield 
of  grain  is  aearly  double  that  of  the  former  group,  while  the  straw  is 
more  than  two  and  one-fourth  times  as  great. 

Then  we  have  the  plat  which  has  received  continuously  an  abun- 
dance of  phosphatie  and  other  mineral  manure,  but  no  nitrogen.  Its 
yield  is  now  poorer  on  the  average  than  even  the  first  group,  for  it  is 
Buffering  from  nitrogen  starvation — shown  even  more  strongly  in  the 
low  st  ia\v  yield  than  in  the  low  yield  of  grain.  The  yield  of  both 
grain  and  straw,  though  less  than  t  he  average  yield  of  the  first  group, 
is  nevertheless  better  than  that  of  the  anmanured  plats  :)  and  4 
included  in  it,  which  are  suffering  from  both  nitrogen  and  mineral 
starvation.  But  its  yield  of  grain  is  only  half  thai  of  the  group  of 
soils  supplied  annually  with  nitrogen  as  well  as  minerals,  and  its 
yield  of  straw  is  nol  mueh  more  than  one-third.  Since  it  has  received 
practically  the  same  supply  of  phosphatie  manure  per  acre  as  this 
group,  we  should  (apart  from  the  information  derived  from  analyses 
of  the  crops)  expect  to  find  an  additional  accumulation  of  phosphates 

in  this  plat  over  and  above  that  found  in  group  2. 

Then  we  have  the  farmyard  manure  plats,  the  one  dunged  liber- 
ally for  fifty  years  leading  the  way  with  a  yield  well  above  that  of  any 
of  the  other  groups,  both  as  regards  grain  and  straw,  and  the  other 

subjected  to  this  liberal  treatment  for  nine  years  only,  but  still,  in 
virtue  of  its  comparatively  newly  acquired  fertility,  giving  a  better 
yield  than  the  average  of  the  chemically  treated  plats,  though  not  so 
good  a  yield  as  the  completely  manured  plat  L3. 
The  differences  in  phosphoric-acid  contents  that  one  would  be  led 

to  expect  from  t  he  aforesaid  consideral  ions  are  qualitat  ively  apparent 
in  the  figures  for  total  phosphoric  acid.  Thus  the  second  group 
shows  greatly  more  phosphoric  add  than  the  first  group.     Again,  on 

the  other  hand,  it  show  s  Less  than  plat  5,  Intermediate  is  the  Long- 
dunged  plat,  while  the  plat  more  recently  brought  under  dung  treat- 
ment is  intermediate  between  th«'  first  and  second  group. 

But  these  differences  in  total  phosphoric  acid,  significant  as  they 
clearly  are,  in  soils  from  the  same  field,  would  convey,  apart  from  a 
priori  knowledge  of  their  origin  and  of  their  circumstances,  no  such 
informal  ion  as  to  BUggest  the  profound  differences  really  existing  in 
tin  phosphatie  condition  of  the  soils. 

To  make  t  his  more  clear,  t  he  figures  are  best  reduced  to  a  simple 
proportion,  taking  the  average  quantity  of  phosphoric  acid  in  the 
first  group  as  unity.    We  then  have:* 


Numlier  of  plats. 


Mode  of  manuring. 


plats  receiv- 
ing no  phos- 
phates. 


Four  plats 
Pive  plats 
One  plat  . 


No  phosphates  

Phosphates  and  nitrogen,  with  and  without  alkaline  salts. 
Phosphates  and  alkaline  salts  only  — 


1.00:1 
1.65:1 

l.sl:l 
1.78:1 
1.36:1 


Do 
Do 


Dung  :Vi  years 
Dung  'J  years. 
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The  four  plats  in  the  first  group  contain,  on  the  average,  over  3,000 
pounds  of  phosphoric  acid  per  acre  in  the  first  0  inches  of  soil,  to  say 
nothing  of  a  further  0,000  pounds  in  the  subjacent  18  inches.  This  is 
equivalent  to  nearly  3  tons  of  phosphate  of  lime  per  acre  in  the  top 
soil,  with  6  tons  lying  below,  well  within  reach  of  the  plant  in  its  later 
stages  of  growth.  In  face  of  this  enormous  quantity  of  total  phos- 
phoric acid,  the  wheat  crop,  which  under  the  most  favorable  circum- 
stances does  not  need  more  (and  usually  needs  less)  than  some  30 
pounds  of  phosphoric  acid  per  acre,  is  unable  to  do  more  than  eke  out 
a  half -starved  existence;  the  only  explanation  of  which  is  that,  of  the 
total  phosphates  present,  only  a  small  proportion  are  in  a  form  in  which 
the}7  can  be  utilized.  Even  in  ordinary  farming  it  is  a  familiar  fact 
that,  on  soils  containing  a  good  deal  more  phosphoric  acid  than  this,  a 
few  hundredweights  of  superphosphate  per  acre  will  often  make  the 
difference  between  a  full  crop  of  roots  and  one  that  is  all  but  a  failure. 
This  being  so,  it  is  evident  that  such  ratios  as  those  just  given  for 
total  phosphoric  acid  would  have  little  significance  if  we  wished  to 
compare  soils  from  different  fields,  or  to  judge  of  their  relative  min- 
eral fertility,  or  forecast  the  probable  advantage  of  applying  phos- 
phatic  manure  or  the  econonry  of  withholding  it. 

If,  on  the  other  hand,  we  take  the  phosphoric  acid  dissolved  by  a  1 
per  cent  solution  of  citric  acid,  we  find  differences  of  an  altogether 
different  character;  for,  while  the  ratios  for  total  phosphoric  acid 
between  phosphatieally  manured  and  phosphatically  unmanured  plats 
were  all  comprised  within  a  ratio  of  2:1,  we  find  the  citric-acid-solu- 
ble ratios,  as  will  be  seen  from  the  following  table,  to  show  approxi- 
mately such  numbers  as  4:1,  5:1,  and  nearly  8:1. 


Number  of  plats. 


Four  plats 
Five  plats 
One  plat  . . 

Do  .... 

Do  .... 


Mode  of  manuring. 


Ratio  of  phos- 
phoric acid 
soluble  in  1  per 
cent  citric-acid 
solution  to 
that  of  plats 
receiving  no 
phosphates. 


No  phospates    

Phosphates  and  nitrogen,  with  and  without  alkaline  salts 

Phosphates  and  alkaline  salts  only  

Dung  f>0  years  

Dung  9  years  


1.00:1 
5.46:1 
7.83:1 
6.83:1 
3.01:1 


Clearly  the  percentage  of  citric-acid-soluble  "phosphoric  acid  gives 
us  overwhelmingly  clearer  qualitative  information  as  to  the  condition 
of  the  soils  than  any  that  could  be  arrived  at  from  a  study  of  the 
mere  total  percentages,  apart,  as  aforesaid,  from  a  priori  topograph- 
ical and  historical  knowledge. 


Pkoi'.amlk  Limit  Dknotinu  Pnosenoiiic-Acii)  Deficiency  in  Soils. 


Ii  will  have  been  noticed  that  in  only  one  case,  on  the  phosphatic- 
ally unmanured  plats,  docs  the  phosphoric  acid  soluble  in  citric  acid 
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roach  0.01  per  cent  of  tin-  surface  soil,  the  average  number  for  these 
four  plats  being  0.0082  per  pent,  corresponding  to  a  little  over  200 
pounds  per  acre.  This  figure  corresponds  almost  exactly  with  the 
mean  figure  obtained  for  the  soils  of  the  eight  phosphat ically  starved 
barley  plats  from  lloos  field,  from  the  results  of  which  T  ventured  to 
draw  the  tentat ive  conclusion  that  when  a  soil  is  found  by  analysis 
to  contain  as  litt  le  as  about  o.oi  per  cent  of  phosphoric  acid  soluble 
in  a  1  percent  .solution  of  citric  aeid,  used  as  described,  it  would  be 
justifiable  (as  far  as  cereals  air  concerned)  to  assume  that  it  stands 
in  immediate  need  of  phosphat ie  manure.  That  conclusion,  there- 
fore, appears  to  be  well  maintained  by  the  new  results  obtained  from 
ihe  wheat  soils.  How  far  we  may  go  in  the  other  direction,  in  ventur- 
ing to  fix  a  limit  which  shall  be  indieal  ive  of  the  nonnecessity  of  phos- 
phat ie  manure,  is  a  more  difficult  question  to  decide.  The  soils  of  the 
various  superphosphate-manured  wheat  plats  in  Broadbalk  field,  like 

those  of  the  corresponding  barley  plats  in  Boos  field,  have  been  abun- 
dant ly  or  overabundant  ly  supplied,  and  would  probably  grow  undimin- 
ished crops  for  some  yea  is  t  o  come,  if  the  annual  BUpplyof  phosphatic 

manure  ceased,  nit  rogen  (ami  other  minerals)  being  supplied  as  usual. 

Those  Included  in  our  series  average  from  <U>4  to  O.O.")  per  cent  of 
citric-acid-soluble  phosphoric  aeid — almost  identically  the  averages 
found  for  the  various  corresponding  barley  soils.  Thai  this  is  indica- 
tive of  superabundance  of  phosphates  is  evident  from  the  fact  that 
plat  8,  receiving  the  same  dressing  of  mineral  manures,  bm  receiving 
half  as  much  again  of  nit  rogen  (»'»'»(»  pounds  ammonium  salts  per  acre), 
has  consistently  yielded  considerably  larger  crops.    We  seem  thus  in 

a  position  to  say  that  the  limit  of  phosphatic  sufficiency  for  cereal 
crops  is  somewhere  below  o. of  [mm- cent  of  citric-acid -soluble  phos- 
phoric acid,  while  as  Little  as  about  0.0]  per  cent  indicates  phosphatic 
starvat  ion. 

Tlie  plat  (zb)  continuously  dunged  for  fifty  years  gives  0.056  per 
cent,  and  is  probably  saturated  with  mineral  fertility.  Its  yield  is 
inferior  to  that  of  the  most  Liberally  manured  chemical  plat  of  the 
field  (not  represented  in  our  table),  owing,  it  may  be  supposed,  to  an 
insufficient  annual  supply  of  nitrogen  in  a  rapidly  available  form. 

I  Mat  L}a  has  been  dunked  for  over  nine  years.  Previously,  for  nearly 
thirty-live  years,  if  was  unmanured,  except  for  partial  dressings  of 
alkaline  sulphates.  Its  yield  is  about  equal  to  the  average  of  the 
chemically  manured  plats  included  in  our  table,  though  inferior  to 
the  best  of  them.  It  contains  0.03  per  cent  of  citric-acid-soluble  phos- 
phoric acid.  From  various  considerations  it  appears  probable  that 
the  lower  yield  of  plat  2a,  as  compared  with  the  much  longer  dunged 
plat  2b,  is  rather  due  to  a  deficiency  in  the  yearly  supply  of  available 
nitrogen  than  to  deficiency  in  the  present  supply  of  mineral  food.  If 
this  were  the  case  our  limit  indicative  of  phosphatic  sufficiency  would 
be  reduced  from  0.04  to  0.03  percent  of  citric-acid-soluble  phosphoric 
acid. 
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The  probable  limit,  then,  denoting  phosphatic  deficiency  for  cereals 
seems  to  be,  as  deduced  from  this  investigation,  between  0.01  per 
cent  and  0.03  per  cent  of  citric-acid-soluble  phosphoric  acid  in  the 
surface  soil;  that  is  to  say,  a  percentage  as  low  as  0.01  seems  to  denote 
an  imperative  necessity  for  phosphatic  manuring,  while  as  much  as 
0.03  per  cent  would  seem  to  indicate  that  there  is  no  such  immediate 
necessity.  For  root  crops,  more  especially  turnips,  the  limits  would 
probably  be  higher. 

Brief  Examination  of  the  Results  Obtained  for  Individual  Plats. 

In  view  of  the  fuller  discussion  of  the  detailed  results  in  the  paper 
presented  to  the  Royal  Society,  it  will  suffice  here  to  confine  our  atten- 
tion to  some  of  the  more  striking  indications  obtained  by  comparison 
of  the  analytical  results  with  the  estimated  removal  or  accumulation 
of  phosphoric  acid  during  the  fifty  years. 

Plat  3,  it  will  be  remembered,  is  continuously  unmanured.  Plat  4 
received  some  mineral  dressings  in  its  earlier  years,  but  in  1893  it  had 
been  for  forty-two  years  unmanured.  Assuming  the  phosphoric  acid 
originally  present  in  the  two  soils  to  have  been  alike,  plat  4  should 
now  contain  445  pounds  more  phosphoric  acid  per  acre  than  plat  3. 
We  actually  find  by  analysis  155  pounds  more  of  total  phosphoric  acid 
in  the  surface  soil,  58  pounds  of  this  being  soluble  in  dilute  citric- 
acid  solution. 

Plats  10a  and  10b  have  both  continuously  received  ammonium  salts 
without  phosphates,  except  that  plat  10b  had  some  mineral  dressings 
in  its  earlier  years.  Plat  10b  should  contain  GO  pounds  per  acre  more 
phosphoric  acid  than  plat  10a.  We  actually  find  by  analysis  in  the 
surface  soil  78  pounds  more.  The  citric-acid-soluble  phosphoric  acid 
is  the  same  in  the  surface  soil  in  both  plats,  but  in  the  second  and 
third  depths  plat  10b  shows  an  excess  of  41  pounds  per  acre  as  com- 
pared with  plat  10a. 

We  shall  see,  hereafter,  from  the  analyses  of  the  earlier  samples, 
that  on  plats  3,  10a,  and  10b,  especially  the  two  latter,  the  surface 
soils  have  probably  readied  the  stage  at  which  the  quantity  of  mineral 
food  annually  rendered  available  by  natural  processes,  including  the 
decay  of  roots  and  stubble,  balances  the  annual  output  in  t  he  crops. 

For  the  various  chemically  manured  plats  receiving  phosphoric  acid 
the  results  are  tabulated  below: 
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Table  57. — Broadbalk  wheat  sotb,  sample*  collected  in  October,  1893 — Plats  7,  13, 
l.'f,  /  ".  //.  (iiul  .'.  rccciriiaj  chemical  fertilizers,  including  phosphates. 


Annua]  manuring. 


Full  minerals  and  ammonium 
salts  — 

Phosphates,  potassium  ami 
ammonium  salts  

Phosphates,  magnesium  and 
ammonium  salts  

Phosphates,  sodium  and  am- 
monium salts  

Phosphates  and  ammonium 
salts  only  

Full  minerals  without  ammo- 
nium salts  


Estimated 
excess  of 
phosphor 
ic 

aere  over 
plat cal- 
culated 
from 
known  ad- 
ditions and 
removals. 


Excess  of 
total  phos- 
acfdper  phoricacid 
per  acre, 
found  by 
analysis  In 

first !» 
inches  of 
soil. 


I '"in,  <ls. 
2.  IBB 

2,687 
2, in;? 
•'..<-'A 

2.  :.v.» 
8,011 


Pi  minis. 

8,110 

2,359 
2.:«{ 
8,  S8B 
8, 181 
'J.  7 


Excess  (  +  )  or  deficiency  (— )  of 
phosphoric  acid  I  per  acre)  sol- 
uble in  1  per  cent  citric-acid 
solution,  as  compared  with 
plat  8. 


First  !• 
inches. 

Sec, 

9  inches. 

Third  9 
inches. 

1  to  27 
inches. 

Pint  nils. 
4-1.21** 

Pounds. 

—  8 

Pounds. 
+25 

Pounds. 
+1,233 

+  923 

-37 

— H 

+  872 

+  944 

-48 

+  8 

+  902 

•  sen 

-16 

-  3 

+  850 

+  848 

-88 

-11 

+  802 

+  1.-M2 

+88 

+42 

+1,533 

II  will  be  seen  thai  the  greater  pari  of  the  calculated  excess  of 
phosphoric  acid  is  actually  found  in  the  surface  soils,  namely,  from 
7!Mo  '.U  percent.     It  would  appear  thai  in  the  course  of  years  some 

of  the  phosphoric  acid  has  descended  Lower,  but  it  is  to  be  remem- 
bered thai  the  acrumulat  ions  arc  calculated  OH  the  supposition  that 
the  soils  were  all  originally  alike  in  phosphoric-acid  contents,  and, 
farther,  that  most  of  the  deficit  between  the  calculated  accumulations 
and  those  actually  found  in  the  surface  soil  are  comprised  within  a 

difference  equal  to  only  0.01  percent  of  phosphoric  acid  calculated  on 
the  surface  soil.  Nevertheless,  as  the  difference  is  always  in  the 
direction  of  deficiency,  it  seems  probable  that  on  the  whole  it  is 
attributable  to  descent.  Unfortunately,  the  Datura]  variations  in  the 
total  phosphoric  acid  of  the  subsoils  are  too  great  to  enable  us  to 

verify  the  subsoil  accumulation  of  total  phosphoric  acid. 

Broadly  speaking,  the  results  show  beyond  doubt  that  the  unused 
phosphates,  though  applied  in  a  soluble  form,  are  mainly  retained 
near  the  surface. 

Of  the  total  phosphates  added  to  the  soil  in  the  fertilizers,  probably, 
nine-lenths  would  be  in  a  condition  originally  soluble  in  weak  citric- 
acid  solution;  but  the  unused  portion,  even  of  the  originally  soluble 
phosphates,  would  enter  into  more  or  less  firm  combination  with  the 
bases  of  the  soil,  as  shown  by  the  retention  of  its  main  bulk  in  the 
surface  soil.  It  is  of  interest  to  see  how  much  of  the  accumulated 
quantity  is  still  to  be  found  in  the  condition  of  ready  solubility  in 
weak  citric-acid  solution.  Of  the  quantity  found  in  t  his  condition,  a 
part  will  no  doubt  be  due  to  root  and  stubble  residue,  but  in  these 
plats  the  main  portion  found  in  the  surface  soil  may  be  taken  as  due 
to  unappropriated  manure. 

The  proportion  found  is  at  once  seen  to  be  large,  but  variable,  and 
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we  shall  presently  see  that  this  variability  bears  an  interesting  rela- 
tion to  the  fertilizers  whichhave  been  applied  together  with  the  super- 
phosphate. 

In  the  second  and  third  depths,  except  in  two  cases,  none  of  the 
phosphoric  acid  which  may  have  descended  appears  now  to  exist  in 
the  citric-acid-soluble  condition.  Some  of  the  phosphoric  acid  which 
may  have  descended  may  well  have  reverted  into  a  condition  insolu- 
ble in  citric  acid;  but  the  deficiency  of  citric-acid-soluble  phosphoric 
acid  in  the  lower  depths  may  very  possibly  be  related  in  some  cases 
to  the  more  vigorous  plant  growth  on  these  plats,  as  compared  with 
tlic  unmanured  plat.  Being  manured  with  both  nitrogen  and  phos- 
phates, the  roots  of  the  wheat  may  have  developed  more  vigorously 
in  the  second  and  third  depths  of  the  soil,  producing  a  greater  strain 
on  the  phosphoric-acid  resources  of  the  subsoil,  notwithstanding  the 
abundance  of  phosphatic  food  above. 

It  will  be  seen  that  two  of  these  plats  differ  notably  from  the  others 
in  subsoil  contents  of  citric-acid-soluble  phosphoric  acid,  namely, 
plats  5  and  7.  These  two  plats  alone,  in  addition  to  phosphoric  acid, 
have  had  persistently  applied  to  them  potassium,  sodium,  and  mag- 
nesium salts,  400  pounds  per  acre  per  annum  in  the  aggregate.  To 
tli ret1  of  the  other  four  plats  one  or  other  of  these  salts  has  been 
applied,  but  only  to  these  two  plats  have  all  three  salts  been  given. 

One  of  the  two,  plat  7,  has  received  ammonium  salts  also,  in  the 
same  quantities  as  plats  11  to  14.  The  other,  plat  5,  has  received 
the  same  full  phosphatic  and  saline  dressing,  but  without  ammonium 
sails. 

The  last-named  plat,  getting  no  nitrogen,  has  yielded  a  very  small 
average  crop,  and  has  naturally  accumulated  a  far  larger  quantity 
of  phosphoric  acid,  nearly  500  pounds  more1  per  acre  being  found  by 
analysis  in  the  first  9  inches  than  in  the  average  of  the  other  plats. 
As  might  be  expected,  there  is  also  a  much  larger  accumulation  of 
citric-acid-soluble  phosphoric  acid,  and  the  proportion  of  citric-acid- 
soluble  to  total  accumulation  is  greater  than  in  the  average  of  the 
other  plats.  Further,  in  both  the  second  and  third  depths  we  find  a 
tangible  excess  of  citric-acid-soluble  phosphoric  acid  beyond  that  in 
the  unmanured  plat,  showing  that  the  available  phosphoric  acid  in  the 
subsoil  lias  been  in  excess  of  the  demands  of  the  crops.  This  appears 
to  he  due  not  merely  to  the  absence  of  nitrogen  and  consequent  small 
growth  and  small  assimilation  of  phosphates,  for  plat'  7,  which 
receives  ammonium  salts  with  the  same  full  mineral  dressing,  lias 
persistently  yielded  a  much  larger  crop  both  of  grain  and  straw  than 
any  of  its  companions.  Its  output  of  phosphates  lias  consequently 
been  greater,  and  its  accumulation  less;  but  instead  of  being  poorer 
in  available  or  Citric-acid-solnble  phosphoric  acid  than  its  compan- 
ions, il  is  now  richer  to  the  extent  of  some  hundreds  of  pounds  per 
acre,  though,  as  might  be  expected,  it  is  not  so  rich  as  plat  5. 
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It  is  aUn.  as  ivgards  citric-acid-soluble  phosphoric  acid,  appreciably 
richer  than  the  other  plats  in  the  second  and  third  dept lis,  though 
not  to  the  same  extent  as  plat  5. 

Ii  would  seem  that  the  full  supply  of  soluble  salts  has  either  exerted 
a  solvent  action  on  the  natural  store  of  otherwise  unavailable  phos- 
phoric acid  in  the  soil,  or,  which  is  more  probable,  that  the  liianurial 
phosphates  have  entered  into  some  sort  of  combination  with  the  saline 
bases  and  have  been  retained  in  a  less  insoluble  condition  than  where 

these  have  been  absent  or  toss  in  quantity.    This  kind  of  solvent 

action  is  greatest  where  a  full  BUpply  of  saline  matters  has  accom- 
panied that  of  phosphatic  manure,  but  it  is  also  shown  to  exist  in 
the  case  of  t  he  smaller  separate  applicat  ions  of  potassium,  magnesium, 
and  sodium  >alts. 

On  plal  LI,  where  phosphates  and  ammonium  salts  only  have  ben 
used,  although  there  has  been  less  demand  on  the  phosphoric  acid, 
bhe  quantity  of  citric-acid-soluble  phosphoric  acid  is  least.  This  is 
show  n  in  tin*  following  table  ■ 


Table  58. 


Broadbalk  wheat  soils,  samples  collected  in  October,  rsn.i 
13,  L'h  »,  ami  11. 


rials 


Tat 


Annual  manuring. 


Phosphates,  potassium,  sodium.; and  mapnesium  salts  

Ammonium  -.alts,  phosphates,  and  potassium,  -.odium,  and  mag- 
nesium salts  

Ammonium  salts,  phosphates,  and  potassium  salts   

Ammonium  salts,  phosphates,  and  magnesium  salts   

Ammonium  salts,  phosphates,  and  sodium  salts  

Ammonium  salts  and  phosphates  only  


Ratio  of  excess  of 
citric  -  acid  -  soluble 
phosphoric  acid 
found  per  acre  (as 
compared  with  un- 
man u red  plat)  to 
calculated  excess  of 
total  phosphoric 
acid,  the  calculated 
excess  in  each  case 
being  takeu  as  100. 


First  !t 
inches. 

37  in?hes. 

r  rent. 

Pe  r  een  t. 

48 

50 

50 

50 

36 

34 

35 

31 

33 

33 

31 

39 

In  the  case  of  the  dunged  plats  there  is  a  far  larger  excess  of  phos- 
phoric acid  unaccounted  for.  It  may  be  remembered  that  plat  2b  has 
yearly  received  since  1S43  a  dressing  of  U  tons  per  acre  of  farmyard 
manure.  Plat  2a  w  as  unmannred  from  1849  to  1883,  except  that  a  por- 
tion of  it  received  alkaline  salts.  Since  1883  it  has  received  the  same 
treatment  as  plat  2b,  viz,  14  tons  of  dung  per  annum.  The  former 
plat  has  yielded  on  the  average,  for  fifty  years,  over  34$  bushels  of 
wheat  and  32±  hundredweight  of  straw  per  acre,  a  better  yield  than 
that  of  any  of  the  other  plats  already  considered,  though  inferior  to 
thai  of  plal  8,  already  alluded  to,  which  in  addition  to  a  full  dressing 
of  mineral  manures  has  received  600  pounds  of  ammonium  salts  per 
annum. 
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During  the  last  six  years  of  the  period  of  fifty  years  which  we  are 
considering  plat  2b  yielded  40J  bushels  of  grain  per  annum  and  38f 
hundredweight  of  straw,  while  plat  7  (400  pounds  of  ammonium 
salts,  with  full  minerals)  averaged  only  34f  bushels  of  wheat  and  33| 
hundredweight  of  straw.  During  the  same  six  years  plat  2a  aver- 
aged 30J  bushels  of  wheat  and  28f  hundredweight  of  straw.  Clearly, 
therefore,  plat  2b  has  reached,  as  would  be  expected,  a  state  of  high 
fertility,  while  plat  2a,  though  at  the  time  of  the  last  soil  sampling'  it 
had  for  nine  years  received  the  same  treatment  as  2b,  was  neverthe- 
less far  behind  it  in  fertility,  the  previous  forty  years  of  dung  still 
telling  very  markedly  on  the  latter  plat.  It  is  much  more  difficult  to 
estimate  the  yearly  addition  of  phosphoric  acid  to  the  dunged  plats 
than  to  estimate  it  in  the  case  of  the  chemically  manured  plats,  for 
the  phosphatic  manures  are  of  fairly  definite  and  uniform  composi- 
tion, while  dung  is  necessarily  variable  and  is  very  difficult  to  sample 
so  as  to  fairly  represent  an  annual  application  of  14  tons  per  acre. 
An}^  estimate  is  therefore,  at  the  best,  to  be  regarded  as  only  an 
approximation.  Sir  Henry  Gilbert  estimates  that  the  dung  applied 
contains  0.25  per  cent  of  phosphoric  acid,  and  since  this  small  per- 
centage represents  in  fifty  years  3,920  pounds  per  acre,  it  is  clear 
that  there  is  room  for  considerable  error.  If  the  estimate  of  0.25 
were  0.05  too  high  or  too  low  as  compared  with  the  real  average  per- 
centage in  a  material  of  so  indefinite  and  so  fluctuating  a  composition 
as  farmyard  manure,  the  error  of  estimate  on  the  fifty  years  would 
amount  to  nearly  800  pounds. 

In  the  following  table  the  estimate  of  0.25  per  cent  is,  however, 
taken. 

Plat  3  (continuously  unmanured)  is  again  taken  as  a  standard,  the 
sum  of  the  estimated  loss  of  phosporic  acid  per  acre  on  plat  3  and  of 
the  estimated  gain  on  plat  2b  representing  the  estimated  excess  per 
acre  in  the  latter  plat. 

Table  59,—Broadbalk  wheat  soils,  samples  collected  in  October,  lS93—Plat  .'b 
manured  with  14  tons  farmyard  manure  per  acre  per  annum  for  fifty  years. 

Pounds. 


Estimated  excess  of  total  phosphoric  acid  per  acre  over  plat  3, 
at  the  end  of  fifty  years    -  -  3, 086 

Excess  of  total  phosphoric  acid  per  acre  over  that  in  plat  3, 
found  by  analysis  in  first (.)  inches  of  soil   2, 062 


Excess  of  phosphoric  acid  per  acre  (as  compared  with  plat  3) 
soluble  in  1  per  cent  citric-acid  solution,  found  in — 

First !)  inches.   1,105 

Second  iJ  inches        141 

Third  9  inches  -   36 


Total  (27  inches)    ...    1,282 


Ii  is  evident  tbat,  if  the  estimated  quantity  of  phosphoric  acid 
applied  in  the  farmyard  manure  throughout  the  period  of  fifty  yeanl 
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is  correct,  a  very  much  larger  quantity  of  phosphoric  acid  in  the 
form  of  dung  must  have  descended  into  the  subsoil  than  has  been 
the  case  on  the  plats  manured  with  superphosphate.  Even  if  we 
allow  some  considerable  margin  in  the  estimate,  it  still  appears  that 
then*  musl  have  been  a  considerable  descent.  Unfortunately  the 
■•regularity  in  the  mineral  composition  of  the  subsoils,  to  which  ref- 
erence has  already  been  made,  makes  it  impracticable  to  trace  the 
descent  quantitatively  as  far  as  total  phosphoric  acid  is  concerned. 
The  descent,  nevertheless,  is  qualitatively  seen  in  the  increase  of 
Rtric-acid-soluble  phosphoric  acid  in  both  the  second  and  third 
depth*.  Of  the  excess  of  total  phosphoric  acid  (as  compared  with 
plat  3)  actually  found  arrested  in  the  firsl  9  inches,  considerably 
more  than  half  exists  in  the  eitric-acid-soluble  state,  forming  a  large 
reserve  of  phosphoric  fertility.  This  reserve,  as  we  have  seen,  is  far 
from  being  confined  to  the  surface  soil,  though  much  of  the  phos- 
phoric acid  which  must  be  supposed  to  have  descended  into  the  sub- 
soil has  evidently  assumed  a  less  available  form. 

This  greater  descent  of  phosphoric  acid  into  the  subsoil  in  the  case 
of  the  dunged  plats,  as  compared  with  the  artificially  fertilized  plats, 
is  a  point  of  much  interest  The  reason  for  it  may  be  a  merely  chemi- 
L*al  one.  We  have  Seen  that  in  the  case  of  platfi  5  and  7,  where  alka- 
line salts  have  been  Liberally  applied,  these  have  markedly  influenced 
be  condition  of  the  phosphoric  acid  as  compared  with  that  on  the 
■atson  which  do  alkaline  salts  were  used;  and  the  saline  matters  of 

the  dun-  may  have  had  some  similar  effect  It  also  seems  just  possi- 
ble t  hat  ea  rt  h  worms  may  play  a  part  in  the  distribution  of  the  con- 
stituents of  the  dung,  by  devouring  it  and  conveying  it  downward. 

In  t  he  case  of  plat  i\u  which  had  been  dunged  for  only  nine  years 
at  the  time  at  which  the  last  soil  samples  were  taken,  the  total  excess 
ft  phosphoric  acid  over  plat  actually  found  by  analysis  is  1,186 
pounds  per  acre,  whereas  the  estimated  excess  should  only  be  592 
pounds;  but  the  excess  found  in  a  citric-acid-soluble  condition  is  604 
pounds  in  the  firsl  9  inches,  pounds  in  the  second  :»  inches,  and  19 
pounds  in  the  third  !)  inches,  a  total  excess  of  i'>,T2  pounds  per  acre  as 

Bmpared  with  plat  :>. 

The  calculated  excess  of  course  involves  not  only  the  supposition 
that  the  dung  was  on  the  average  of  uniform  composition,  but  also 
Re  supposition  that  the  soils  were  uniform  to  begin  with,  and  there 
is  no  evidence  to  show  that  such  was  actually  the  case. 

Viewing  the  figures  broadly  it  is  at  any  rate  evident  that  much  less 
3f  the  dun-  phosphates  applied  to  this  plat  during  the  nine  years 
have  reverted  to  the  insoluble  condition  than  in  the  case  of  the  older 
lung  accumulations  on  plat  2b.  The  influence  of  the  dung  on  the 
available  phosphoric  acid  of  the  subsoil  is  also  much  less  marked 
than  in  the  case  of  the  plat  dunged  for  fifty  years;  nevertheless  it  is 
apparent. 
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Phosphoric  Acid  in  Drainage  Waters. 

Upward  of  thirty  years  ago  the  late  Dr.  Augustus  Voelcker  made 
analyses  of  several  series  of  samples  of  the  pipe-drainage  waters  col- 
lected from  the  Broadbalk  wheat  plats.  The  results  were  published 
in  a  paper  "  On  the  composition  of  waters  of  land  drainage,"  referred 
to  on  p.  86,  and  was  subsequently  summarized  in  a  Rothamsted 
paper,  ' i  On  the  amount  and  composition  of  the  rain  and  drainage 
waters  collected  at  Rothamsted."    (See  p.  49.) 

These  are  the  only  fairly  complete  mineral  analyses  that  have  been 
made  of  the  drainage  Avaters,  although  for  many  years  constant  deter- 
minations have  been  made  of  nitric  nitrogen  and  chlorin.  Averaging 
the  various  samples  from  each  plat  analyzed  by  Dr.  Voelcker,  we  have 
the  following  results : 

Table  60. — Analyses  of  Broadbalk  field  drainage  waters  made  by  the  late  Dr. 
Augustus  Voelcker,  F.  M.  S. ,  1866-1860. 

[Parts  per  million.] 


Annual  manuring. 


Average 
quantity 
of  phos- 
phoric acid 
in  drain- 
age water. 


Plats  3  and  4 

Plat  10  

Plat  5  

Plat  7  

Plat  11  

Plat  I.'  

Plat  13  

Plat  H  


Unmanured  

Ammonium  salts  only  

Full  mineral  dressing  without  nitrogen  

Ammonium  salts  and  full  mineral  dressing..-  

Ammonium  salts  and  superphosphate    

Ammonium  salts,  superphosphate,  and  sodium  suli>hate  

Ammonium  salts,  superphosphate,  and  potassium  sulphate. 
Ammonium  salts,  superphosphate,  and  magnesium  sulphate 


C.  03 
1.44 
.91 
.91 
1.66 
1.26 
1.09 
1.01 


If  we  assume  a  downward  percolation  of  10  inches  of  drainage 
water  per  annum,  one  part  per  million  of  water  corresponds,  in  round 
numbers,  to  2\  pounds  per  acre  per  annum.  According  to  this  esti- 
mate, the  average  variations  in  phosphoric  acid  Avashed  away  in  the 
drainage  waters,  as  shown  in  Dr.  Voelcker's  analyses,  are  from  1-J  to 
3f  pounds  per  acre  per  annum. 

To  some  extent  the  differences  found  bear  a  relation  to  the  manur- 
ing and  cropping  conditions  of  the  plats,  but  not  altogether,  and  it  is 
lo  be  remembered  that  the  actual  quantities  analytically  dealt  with 
amounted  only  to  small  fractions  of  a  grain  of  phosphoric  acid  per  gal- 
lon of  water;  and  furthermore,  that  the  methods  for  the  quantitative 
estimation  of  minute  quantities  of  phosphoric  acid  thirty  ySars  ago 
were  not  quite  so  delicate  as  they  are  at  t  he  present  time.  Too  much 
Btress,  therefore,  must  not  be  laid  upon  the  quantitative  differences 

Substantially,  however,  the  results  seem  to  show  that  no  very  apprel 
ciable  quantity  of  manurial  phosphoric  acid  passes  away  annually  in 
the  drainage  water  from  the  chemically  manured  plats,  and  that  there 
is  not  a  very  meal  difference  between  the  quantity  of  phosphoric  acid 
in  the  drainage  water  from  the  unmanured  plats  on  the  one  hand  and 
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the  very  highly phosphated  plats  on  the  other,  though  the  descent  by 
drainage  may  <>f  course  have  become  greater  in  later  years,  as  phos- 
phates have  accumulated. 

Unfortunately,  Dr.  Voeleker  made  no  determinations  of  the  phos- 
phoric acid  existing  in  the  drainage  water  from  the  dunged  plat  2b.  As 
lias  been  menl  ioncd  elsewhere,  t he  absorpt  i ve  character  of  the  soil  of 
this  plat  is  such  that  it  is  very  retentive  of  moisture,  and  the  drain- 
pipes very  seldom  run  except  in  very  wet  weather,  and  Dr.  Voeleker 
was  unable  to  obtain  samples  of  the  drainage  water  from  this  plat 
when  the  oiher  samples  were  collected. 

(  t  KN 1 .  liA  I .  ( 'ONCLCSIONS   AS  T<>   PlIospUoRIC  ACID. 

The  genera]  conclusions  derived  from  the  phosphoric-acid  results, 
as  summed  up  in  the  paper  recently  laid  before  the  Royal  Society,1 
arc  to  i he  effect  that  by  far  t he  greater  proportioE  of  t he  unconsumed 
phosphoric  acid  in  the  manure  i>  accumulated  in  the  surface  soil, 

although  for  the  most  part  originally  Soluble  in  water.  In  the  case 
of  dung  there  is  a  considerable  descent  into  the  second  and  third 
depths  of  '.»  inches,  and  there  is  also  evidence  Of  considerable  descent 
into  1  he  second  and  even  into  the  third  depths  in  t  hose  cases  in  which 

superphosphate  lias  been  accompanied  by  constant  dressings  of  potas- 

sium  sodium,  and  magnesium  salts.  The  greater  part  of  the  calcu- 
lated accumulation,  however,  is  found  by  analysis  in  t  he  surface  soil, 
and  a  large  proportion  Of  it  is  found  in  a  condition  in  which  it  dis- 
solves in  a  weak  solution  of  citric  acid. 

While  the  differences  between  the  total  percentages  of  phosphoric 
acid  in  the  surface  soil  correspond  fairly  with  the  history  of  the  plats, 
they  would  not  suffice,  in  the  absence  of  a  knowledge  of  such  history, 
to  give  any  adequate  indication  of  the  profound  differences  in  phos- 
bhatic  condition  which  we  know  to  exist .  I  Jut  the  relative  proport  ions 
of  cit  ric-acid-soluble  phosphoric  acid  appear  to  afford  a  striking  index 
to  the  relative  phosphatic  fertility  of  the  soils.  In  the  case  of  the 
subsoil  samples  the  irregularities  and  variations  in  the  natural  or 
Original  phosphoric  acid  of  the  subsoils  themselves  are  such  that  the 
total  percentages  tell  us,  as  a  rule,  nothing,  while  the  citric-acid 
results  frequently  show  striking  and  consistent  differences,  and  are 
also  of  considerable  interest  in  connection  with  the  problems  of  root 
range  and  subsoil  feeding. 

The  influence  of  akaline  salts  on  the  retention  of  phosphoric  acid 
in  a  less  fixed  and  presumably  more  available  condition  is  interest- 
ing, corresponding  as  it  does  with  the  increase  of  saline  applications. 

The  superabundance  of  phosphoric  acid  estimated  to  have  been 
supplied  in  dung  oxer  fifty  years  is  less  satisfactorily  accounted  for 
than  is  the  case  with  the  phosphoric  acid  in  the  chemically  manured 

1  Philosophical  Transactions  of  the  Royal  Society  [England],  1901,  series  B,  vol. 
194,  pp.  235-290. 
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plats.  This  may  be  partly  accounted  for  by  the  supposition  that  the 
phosphoric  acid  contained  in  the  dung,  at  any  rate  over  a  portion  of 
the  time,  may  have  been  overestimated,  but  there  appears  reason  for 
supposing  ihat  there  has  been  a  greater  descent  into  the  subsoil  in  the 
case  of  the  plat  dunged  for  fifty  years  than  in  the  case  of  the  chem- 
ically manured  plats.  On  the  plat  dunged  for  nine  years  only  we 
find  the  estimated  accumulation  fairly  represented  in  the  upper 
depths — for  the  most  part  in  the  first  9  inches. 

As  in  the  case  of  nitrogen,  the  soil  possesses  naturally  a  very  large 
reserve  of  phosphoric  acid,  but  again,  as  in  the  case  of  nitrogen,  the 
quantity  annually  rendered  available  for  the  use  of  plants  by  natural 
soil  processes  is  insufficient  to  suffice  for  the  needs  of  anything  like 
an  average  crop. 

Potash. 

General  Discussion  and  Statement  of  Analytical  Results  on  Broad- 
balk  Soils  and  Subsoils  of  1893. 

The  total  potash  has  not  been  determined  in  the  various  samples. 
The  Broadbalk  soil,  like  most  soils  containing  much  clay,  contains  a 
great  quantity  of  potash  in  the  form  of  silicates  decomposable  only 
by  fusion  or*  by  treatment  with  hydrofluoric  acid.  The  quantity  of 
potash,  including  this,  is  between  1  and  2  per  cent  in  the  surface  soil 
and  probably  more  in  the  subsoil.  This  means  that  in  the  first  9 
inches  of  soil  there  are  probably  15  tons  of  potash  per  acre  in  a 
dormant  form,  while  the  quantity  in  each  succeeding  depth  is  proba- 
bly greater.  Such  potash  forms  a  reserve  stock  for  the  distant  future, 
and  is  no  doubt  very  gradually  rendered  available  for  plant  use  by 
the  natural  processes  going  on  within  the  soil.  But,  even  with  this 
great  reserve  of  total  potash,  the  soil  is  unable  to  furnish  a  sufficient 
annual  supply  to  the  wheat  crop  under  a  system  of  continuous 
cropping. 

It  is  usual  in  soil  analysis  to  neglect  to  take  into  account  potash, 
existing  in  so  insoluble  a  form  as  to  be  separable  only  by  means  of 
fusion  or  treatment  with  hydrofluoric  acid,  for  such  potash  is  obvi- 
ously Par  removed  from  the  range  of  present  utility,  and  only  to  take 
into  account  such  potash  as  is  soluble  in  hydrochloric  acid.  It  is  by 
this  lime  well  recognized,  however,  that  even  this  solvent  extracts,  at 
all  events  in  many  cases,  far  more  potash  than  can  be  in  any  sense 
regarded  as  of  present  utility.  Unfortunately,  this  is  not  the  only 
unsatisfactory  aspect  of  the  determination  of  potash  by  hydrochloric- 
acid  ext  ract  ion.  The  quantity  of  potash  extracted  varies  greatly,  not 
only  with  the  strength  and  quantity  of  acid  used,  but  also  with  the 
duration  of  the  process  and  with  the  temperature. 

The  potash  dissolved  by  hydrochloric  acid  was,  however,  deter- 
mined in  a  large  number  of  samples,  the  quantity  of  soil  taken  for 
the  determination  being  LO  grams,  and  the  extraction  being  made  by 
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treatment  and  evaporation  to  dryness  with  50  cubic  centimeters  of 
strong  hydrochloric  acid,  the  residue  being  redigested  on  the  water 
bath  for  oik*  hour  with  -2~>  eubie  centimeters  of  strong  hydrochloric 
add. 

The  eitric-acid-soiuble  potash  was  determined  in  the  solution  ob. 
tained  on  treatment  ol  200  mams  of  the  soil,  as  already  described 
under  the  heading  of  phosphoric  acid,  the  potash  being  determined 
in  a  quantity  of  solution  representing  o<)  grams  of  soil. 

The  results  for  the  ISIKJ  samples  were  as  follows: 

Tam.k  t',1.  —  HnmillHilk  irhmt  soils,  snmph  s  cnllc-h  il  in  October,  28dS — POTASS 

tli  fi  rm  i tuitions. 


POTASH  DISSOLVED  BY  STKONO  HYDlii  K'llLi  >RIC  ACID. 


First  depth. 

Second  depth. 

Third  depth. 

Plat. 

Annual  manuring. 

Per 

Pounds 

Per 

Pounds 

Per 

Pounds 

<-ent. 

per  acre. 

cent. 

per  acre. 

cent. 

per  acre. 

2u 

a.  in 

6.1*5:$ 

n.398 

Ilk  088 

0. 415 

13,930 

M  i 

,m 

8,661 

.  :tls 

S.  195 

.  199 

11.585 

;i 

.220 

B,7M 

.  m 

8,  Ml 

.  49a 

18,818 

4 

rninanureil  since  K>2   

811 

5.  tils 

U4 

11,068 

.507 

14, 168 

Full  mineral*  

.  279 

7.233 

.410 

10.952 

.  172 

18,176 

Full  minerals  and  ammonium  salts 

.262 

6,793 

,M 

8,618 

.  159 

12,813 

10a 

Ammonium  salts  i  no  minerals  sinco 

1844)  

.240 

ti.  222 

:»4 

10.525 

.533 

14,879 

|0b 

Ammonium  salts  ( no  minerals  since 

.234 

8,067 

868 

9.590 

.507 

14,153 

11 

Ph.  .-phates  and  ammoninm  salts 

.197 

5,  m; 

.» 

9.537 

.459 

12.813 

12 

Phosphates,  sodium,  and  ammo- 

.223 

m 

.sn 

9,911 

.488 

13,623 

LB 

Phosphates,  potassium,  and  annuo 

.273 

an 

in. 121 

.433 

12,087 

11 

Phosphates,  iiuiK'nt'sium.  and  annuo 

2»0 

6,222 

4<U 

10,788 

His 

11,389 

POTASH  DISSOLVED  NY  A  1  I'KK  <T.XT  SoLL'TlOX  OF  CITRIC  ACID. 


First  depth. 

Second  depth. 

Third  depth. 

Plat. 

Arnual  manuring. 

Per 

Pounds 

Pei- 

Pounds 

Per 

Pounds 

cent. 

per  acre. 

cent. 

per  acre. 

cent. 

per  acre. 

2a 

Farmyard  manure  since  1KK4  

0.0880 

828 

0. 0168 

449 

0.0096 

268 

2b 

Farmyard  manure  .V)  yean  

.0384 

sw 

.0276 

737 

.0128 

357 

3 

.0088 

83 

.0060 

160 

.0072 

201 

4 

Cnmanured  since  1868   

.0052 

186 

 i 

160 

.eon 

123 

.(KJ08 

:w 

.0221 

598 

.00!  >2 

257 

Full  minerals  and  ammonium  salts  . 

.0888 

602 

.0140 

374 

.0064 

179 

LOa 

Ammonium  salts  (no  minerals  since 

1844)    

.0032 

83 

.0032 

86 

.0048 

134 

10b 

Ammonium  salts  i  no  minerals  since 

1850)  

.  (MU0 

184 

.0052 

139 

.0036 

101 

11 

Phosphates  and  ammonium  salts  ... 

.0032 

83 

.0028 

75 

.0036 

101 

12 

Phosphates,  sodium,  and  ammo- 

101 

.0040 

hu 

.0040 

107 

.0036 

13 

Phosphates,  potassium,  and  ammo- 

nium salts   

.0188 

487 

.0136 

363 

.0084 

235 

14 

Phosphates,  magnesium,  and  ammo- 

.0052 

145 

.0024 

62 

.0048 

128 

As  far  as  regards  the  hydrochloric-aeid-soluble  potash,  attention 
need  only  be  directed  to  the  surface  soils,  though  in  the  case  of  the 
bitric-acid-soluble  potash  ii  will  be  of  interest  to  consider  the  results 
lor  all  the  three  depths  examined.  The  hydroehlorie-acid  figures, 
however,  for  the  second  and  third  depths  appear  to  have  so  little 
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practical  meaning  that  they  may  he  left  out  of  consideration,  for  the 
quantity  of  potash  dissolved  by  the  mineral  acid  in  these  lower  depths 
is  vastly  in  excess  of  the  potash  which,  from  any  point  of  view,  can  be 
regarded  as  of  nearly  prospective  utility,  and  its  variations  are  obvi- 
ously so  independent  of  the  manurial  treatment  and  cropping  history 
of  the  soils  as  to  deprive  them  of  apparent  practical  significance. 

The  more  important  results  may  be  conveniently  studied  in  the 
following  table : 

Table  62. — Broadbalk  reheat  soils,  samples  collected  in  October,  1893. 


Potash  in  fine  dry  soil. 


Annual  manuring  for  50  years 
(with  only  minor  variations 
during  the  earlier  years). 


Dis- 
1  solved 
by  hy- 
i  drochlo- 
ric  acid. 


First 
inches. 


Dissolved  by  1  per  cent  cit- 
ric-acid solution. 


First  Second  |  Third 
9  inches.  9  inches.  9  inches. 


Average  yield 
per  acre, 
1889-1894. 


Wheat.  Straw 


Unmanured  continuously  

Unmanured  continuously  since 
1852  

Ammonium  salts  only  since  1844 

Ammonium  salts  only  since  1850 

Ammonium  salts  and  superphos- 
phate      

Ammonium  salts,  superphos- 
phate, and  sodium  sulphate 
(some  potassium  salts  prior  to 
1852)   

Ammonium  salts,  superphos- 
phate, and  magnesium  sulphate 
(some  potassium  salts  prior  to 
1852)  

Ammonium  salts,  superphos- 
phate, and  potassium  salts  

Ammonium  salts,  superphos- 
phate, and  potassium,  sodium, 
and  magnesium  sulphates  

Superphosphate  and  potassium, 
sodium,  and  magne'sium  sul- 
phates (no  nitrogen)  '.. 

14  tons  farmyard  manure  

14  tons  farmyard  manure  (com- 
mencing in  1884-85)  


Per  cent. 
0.220 

.219 
.240 
.234 

.197 


22:5 


Per  cent. 
0.0032 

.0052 
.0032 
.0040 

.0032 


(Kill) 


Percent.  Per  cent. 
0.0060  0.0072 


Bushels. 

m 


240 


0024 


,0060 
.0032 
.0052 

.0028 


.0040 


IK  148 


.0044 
.0048 
.0036 

.0036 


.0036 


.0058 


.273 
.262 
.279 


.  0188 


.02:;:; 


.  0306 


.  0136 


0084 


.0140  I  .0064 


.0384 
.0330 


(1221 


.0092 


.0276  I 
.0168 


.0128 
.0096 


It  will  be  seen  that  we  have  a  series  of  plats  of  which  some  are 
wholly  unmanured,  some  manured  with  ammonium  salts  only,  and 
several  with  both  ammonium  salts  and  phosphates.  Of  these  last,  one 
plat  is  without  alkalies,  one  receives  sodium  salts,  another  magnesium 
salts,  one  potassium  sails,  and  another  all  of  these  materials.  We 
see  that  plat  11  without  alkalies,  though  abundantly  supplied  with 
nitrogen  and  phosphates,  lias  evidently  largely  exhausted  the  readily 
available  potash  of  the  soil  by  comparing  its  recent  yield  of  wheat 
and  si  raw  (more  especially  the  latter)  with  that  of  the  potash  plat  13. 
We  also  see  that,  either  in  virtue  of  certain  applications  of  potassium 
salts  forty  years  or  more  ago  or  in  virtue  of  the  solvent  action  on 
soil  potash  of  the  sodium  and  magnesium  salts  applied  every  year, 
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plats  1l'  and  L4  are  very  much  more  fertile  than  plat  11,  though  dis- 
tinct ly  l«-ss  fertile  than  plat  L3,  which  gets  an  abun<  lance  of  potassium 
salts,  and  still  less  so  than  plat  7,  which  gets  all  three  salts. 

.The  results  of  the  determinations  of  hydrochloric-acid-soluble 
potash  in  the  first  depths  and  of  the  citric-acid-soluble  potash  in  all 
three  depths  of  the  various  plats  will  be  seen  to  oosses.s  great  interest 
and  are  worthy  of  consideration  in  detail. 

For  the  moment,  however,  we  may  advantageously  condense  our 
table  as  we  did  in  the  case  (>f  phosphoric  acid  and  consider  the  average 
results  j^i  ven,  respect  ively,  by  the  plats  manured  and  un  manured  with 
potash  salts  and  with  dung.     These  are  as  follows: 


T.U5LK  <k>. — Brn<l<lb<llk  irhnit  soils,  smuph  s  cnlh'ctril  in  October,  189S, 


Plat. 

Annual  manuring  for  ".<» 
years  <  with  some  vari- 
ations during  the  ear- 
lier years). 

Average  in>tash  in  flue  dry  soil. 

Average  yield 
per  acre, 
issy  ls«.»4. 

Dis 
s<>lv»-d 
by  hy- 
driM-hli  »■ 
ric  and 

Dissolve*  1   by  1  per  cent 
citric  acid  solution. 

First 
'.'  inch.--. 

First  !" 
inches 

Sr.  •olid 

inches. 

Third  !» 
inches. 

Wheat. 

Straw. 

3  t,  10a,  10b, 
11. 12,and  U. 

13, 7.  and  5. 

2b  

2a  

No  potash  salts,  except 
odd  dressings  in  early 
yearsnn  in  1),  l.iand  1  \. 

All  manured  annuallv 
withdri'.ssings.includ- 
ing  potash  salts. 

11  tons  farmyard  ina 
nnre  yearly. 

14  tons  farmyard  ma- 
nure, commencing 
only  in  1884  B& 

/•.  /• «  ,  nt 

0.SK 

.271 
2fvi 

/'.  ;•  rent. 
0.  UJCM 

,0M9 

<UM 
.000 

/■.  r  a  •>! 

0.  IMMC, 

.0107 

.0070 
.0M8 

I'rr  r«  nt. 
0.0018 

.UNI 

.0128 
.0008 

Bush* to. 
80 

80] 

Cwt. 
171 

251 

38} 
88| 

The  continuous  application  of  potash,  whether  in  the  form  of  pot- 
ash salts  or  of  dunjr,  had  made  itself  evident  in  t he  hydrochloric-acid- 
soluble  potash.  But  there  is  no  such  difference  as,  apart  from  knowl- 
edge that  the  samples  are  from  the  same  held,  would  sutlice  to  lead 
to  the  conclusion  that  the  soils  of  the  first  group  were,  from  a  practical 
point  of  view,  deficient  in  potash.  Taking  the  averages  for  the  first* 
group  as  unity,  we  find  the  following'  ratios: 


Number  of  plats. 


Ratio  of  hy- 
drochloric- 
acid-soluble 
potash  to 
that  in  7  non- 
potash  plats. 


:  plats 
I plats 
1  plat 
1  plat 


Without  potash  for  forty  years 

Potash  dressed  

Dung  fifty  years  

Dung  nine  years  


1.00:1 
1.30 : 1 
1.27:1 
1.23:1 
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A  comparison  of  the  citric-acid-soluble  potash,  however,  appears  to 
be  much  more  instructive  as  to  the  potash  condition  of  the  soils. 
The  ratios  are  as  follows: 


Number  of  plats. 


Mode  of  manuring. 


Ratio  of  citric-acid-soluble  pot- 
ash to  that  in  the  7  nonpotash 
plats. 


First  0 
inches. 


Second  9 
inches. 


7  plats 
3  plats 
1  plat  . 
1  plat  . 


Without  potash  for  forty  years 

Potash  dressed  

Dung  fifty  years  

Dung  nine  years.  


l.(K)  :1 
6.75:1 
10.67  :  1 
9.17:1 


1.00  : 1 
3.63:1 
6.00:1 
3.65:1 


These  figures  are  so  striking-  that  but  little  comment  on  them 
appears  to  be  necessary.  The  chemically  manured  potash  plats  show 
in  the  first-  9  inches  nearly  seven  times  as  much  citric-acid-soluble 
potash  as  those  left  without  potash  dressings,  and  in  the  second  9 
inches  about  three  and  a  half  times  as  much,  while  even  in  the  third 
depth  there  is  nearly  twice  as  much,  showing  that  even  in  these 
clayey  loams  potash  salts  do,  to  an  appreciable  extent,  find  their  way 
downward  into  the  lower  subsoil.  The  greater  portion  of  the  accumu- 
lation, however,  is  (in  accordance  with  the  generally  accepted  views 
of  the  chemistry  of  fairly  heavy  soils)  found  to  be  in  the  upper  soil, 
where  the  potash  appears  to  enter  into  more  loose  combination  with 
the  constituents  of  the  clay. 

In  the  continuously  dunged  soil,  where  the  estimated  excess  of  pot- 
ash applied  has  been  much  greater,  Ave  find  in  the  top  soil  more  than 
ten  times  as  much  citric-acid-soluble  potash  as  in  the  nonpotash  plats, 
in  the  second  9  inches  six  times  as  much,  and  in  the  third  9  inches 
nearly  three  t  imes  as  much;  while  even  in  the  plat  dunged  for  nine 
years  only  we  find  nine  t  imes  as  much  in  the  top  soil,  t  hree  and  a  half 
t  hues  as  much  in  the  second  1)  inches,  and  twice  as  much  in  the  third. 
It  would  seem  as  though  the  potash  of  the  dung,  possibly  in  some 
organic  state  of  combination,  descends  more  easily  into  the  subsoil 
than  do  the  inorganic  potash  salts.  This  point,  however,  will  claim 
our  ail en1  ion  Later. 

In  the  paper  on  the  Hoos  field  barley  soils  a  tentative  conclusion 
wa^  drawn  thai  the  percentage  of  citric-acid-soluble  potash  in  the 
surface  soil  indicative  of  potash  hunger  would  for  cereals  probably 
lie  below  0.005.  On  considering  the  results  of  the  wheat  soil  analyses 
and  other  results  obtained  in  the  interim  by  workers  who  have  applied 
the  method  to  other  soils  known  from  experience  to  be  responsive  to 
the  influence  of  potassium  salts,  the  lecturer  would  now  be  inclined 
U)  modify  this  conclusion  by  suggesting  that  when  a  soil  contains  as 
much  as  0.01  per  cent  of  citric-acid-soluble  potash  as  determined  by 
this  process  it  may  be  regarded  as  not  demanding  any  special  appli- 
cation of  potassium  salts. 
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Brief  Examination  of  the  Resflts  Obtained  in  the  Case  of  Individual 

Plats. 

Plat  3  has  been  unmanured  for  fifty  years.  Plat  1  has  been  unma- 
nured for  forty  years,  bat  previously  was  annually  dressed  with 
superphosphate  and  ammonium  salts,  and  has  in  consequence  ever 
since  given  a  slightly  better  yield  than  plat  (See  Table  53.)  It 
was  never  regularly  manured  with  potash,  but  in  its  first  year,  fifty 
years  prior  to  L893,  it  had  a  dressing  of  farmyard  manure  ashes, 
estimated  to  have  supplied  235  pounds  per  acre  of  potash.  In  fifty 
years  it  lias  yielded  in  its  crops  87  pounds  of  potash  per  acre  more 
than  plat  but  owing  to  the  initial  supply  referred  to  its  actual  loss 
in  cropping  has  been  l  to  pounds  less  per  acre  than  thai  of  plat  3. 
This  difference  is  not  Indicated  in  the  hydrochloric-acid  figures,  but 
it  is  qualitatively  indicated  in  the  surface-soil  contents  of  citric-acid- 
soluble  potash,  there  being  found  by  analysis  in  L893in  the  surface 
soil  an  excess  of  ">J  pounds  per  acre  in  this  form  as  compared  with 
plat  3. 

Plats  10a  and  ln|»  have,  it  will  he  remembered,  been  continuously 
dressed  with  ammonium  salts  w  ithout  minerals,  except  that,  while 
both  plais  had  a  dressing  of  minerals  in  IK44,  plat  lob  was  also  dressed 
with  minerals  in  L848  and  L850.  The  effect  of  these  two  extra  dress- 
ings of  minerals  OB  the  yield  of  plat  10b  is  apparent  in  the  crops  down 
to  the  present  day.  The  ext ra  minerals  applied  to  plat  LOb  included 
300  pounds  of  potash  per  acre,  and  this  plat  has  yielded  in  its  crops, 
Up  to  1893,  11~>  pounds  more  potash  per  acre  than  plat  10a.  Deduct- 
ing the  excess  in  yield  from  the  excess  in  supply,  plat  lob  has  lost 
less  potash  in  its  cmps  by  L85  pounds  per  acre  than  plat  10a.  Here, 
again,  the  hydrochloric-acid  results  indicate  no  di (Terence,  but  in  the 
citric-acid  results  we  find  that  plat  LOb  shows  2\  pounds  more  citric- 
aeid-soluble  potash  in  the  first  depth,  and  ">•'!  pounds  more  in  the 
second  dept  h. 

We  will  now  compare  the  results  of  the  various  plats  which  have  all 
received  both  phosphate  and  ammonium  -alts,  but  which  differed 
in  their  treatment  as  to  oilier  saline  manures.  "Fable  (54  shows  at*  a 
glance  the  mineral  treatment  of  each  plat,  the  estimated  excess  or 
deficiency  of  potash  per  acre  as  compared  with  plat  11  (calculated 
from  known  manorial  additions  and  crop  removals),  the  excess  or 
deficiency  of  hydrochloric-acid-soluble  potash  found  by  analysis 
in  the  first  0  inches  as  compared  with  plat  11,  and  also  the  excess  or 
deficiency  of  citric-acid-soluble  potash,  again  as  compared  with  plat 
11,  shown  respectively  in  the  first,  second,  and  third  depths  of  9 
inches  each,  and  also  in  the  total  27  inches  which  they  comprise. 
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Table  64. — Broadbalk  wheat  soils,  samples  collected  in  October,  1893 — Plats  11, 

12,  U,  13,  7,  and  5. 


Plat. 


12 


13 


Annual  manuring. 


Phosphates  and  ammonium 
salts  only   

Phosphates,  ammonium,  and 
sodium  salts  (some  potas- 
sium salts  in  earlier  years) . . 

Phosphates,  ammonium,  and 
magnesium  salts  ( some  potas- 
sium salts  in  earlier  years).. 

Phosphates,  ammonium,  and 
potassium  salts  —   

Phosphates  and  ammonium, 
potassium,  sodixxm,  and  mag- 
nesium salts.  

Phosphates  and  potassium,  so- 
dium, and  magnesium  salts 
(no  nitrogen)  


Estimated 
excess  or 
deficiency 
of  potash 
per  acre  in 
soil  after 
fifty  years 

as  com- 
pared with 
plat  11  (cal- 
culated 
from 
known  ad- 
ditions and 
removals). 


Excess  of 
hydro- 
chloric- 
acid  -solu- 
ble potash 
per  acre 
found  by- 
analysis  in 
first  9 
nches  of 
soil  as  com- 
pared with 
plat  11. 


Pounds. 


+  20 

-  92 
+4,052 

+3,  (562 

+5,242 


Excess  or  deficiency  of  c;itric-acid- 
soluble  potash  per  acre  found 
by  analysis  as  compared  with 
plat  11. 


First 
9  inches 


Pounds.  Pounds. 


675 


21 


+1,115  -  21 

+1,971  +404 

+1,686  +519 

+2,126  +716 


Second  Third 
!t  inches.  9  inches. 


Pounds.  Pounds. 


+  32 

+  53 
+288 

+299 

+523 


+  44 
+134 


+156 


inches. 


Pounds. 


53 


+  76 
+  826 


+  896 
+1,395 


As  far  as  the  hydrochloric-acid  results  are  concerned,  we  find  a  con- 
siderable increase  in  the  potash  dissolved  from  the  surface  soils  of  all 
the  plats  which  have  received  alkaline  manures,  and  the  increase,  as 
would  naturally  be  expected,  is  very  much  greater  in  the  case  of  the 
plats  which  have  been  constantly  manured  with  potassium  salts,  and 
greatest  of  all  on  plat  5,  in  the  case  of  which,  owing  to  the  absence  of 
a  manurial  supply  of  nitrogen,  the  least  demand  has  been  made  on  the 
mineral  contents  of  the  soil.  We  do  not,  however,  find  in  any  case 
that,  in  the  surface  soil,  hydrochloric  acid  yields  as  much  as  even 
one-half  of  the  calculated  acreage  accumulation  of  potash. 

We  will  now  pass  on  to  the  citric-acid  results. 

Plat  12  is  calculated  to  contain  20  pounds  of  potash  per  acre  more 
than  plat  1 1.  The  quantity  found  by  citric  acid  in  the  surface  soil  is 
21  pounds,  with  '.)2  pounds  in  the  second  depth,  making  an  excess  over 
plat  11  Of  53  pounds  per  acre.  This  plat  (plat  12)  is  even  now  much 
more  fertile  than  plat  11,  although  the  equivalent  of  the  actual  pot- 
ash added  has  been  nearly  used  up,  and  the  potash  in  its  produce  is 
still  annually  far  larger  than  in  that  of  plat  11.  There  can  be  little 
doubt  thai  the  action  of  the  sodium  sulphate  annually  supplied  keeps 
up  a  considerable  annual  supply  of  available  potash. 

Plal  L3,  with  a  full  supply  of  potash,  has,  in  fifty  years,  yielded 
about  1  per  cenl  more  grain  and  about  9  per  cent  more  straw  than  plat 
12;  hut  its  crops  have  contained  2,410  pounds  of  potash  per  acre,  as 
1.7  C)  pounds  in  those  of  plat  12.    The  potash-manured  crops, 
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therefore,  while  only  from  4  per  cent  (grain)  to  9  per  cent  (straw) 
larger,  have  contained  nearly  4<»  per  cent  more  potash. 

One  is  somewhat  tempted  to  draw  the  inference  that,  in  the  produce 
of  the  sodium  sulphate  plat  (12),  soda  has  partially  replaced  potash. 
In  an  elaborate  study  of  the  vegetative  conditions  and  of  the  ash 
constituents  of  the  mixed  herbage  of  grass  land,  embodied  in  a  recent 
paper  by  the  late  Sir  John  Lawes  and  Sir  J.  Henry  Gilbert,1  we  are, 
however,  warned  against  the  temptation  to  assume  that,  even  in  adverse 
circumstances,  soda  can  functionally  take  the  place  of  potash.  It  is 
pointed  out  that,  in  detect  of  sufficient  potash,  more  of  soda  or  of  time, 
Or  of  both,  will  be  taken  up — probably  as  carriers  of  nitric  acid — and 
retained  by  the  plant,  bill  that  the  herbage  will  !><■  more  leafy  and 
immature  than  where  abundant  potash  is  available.  The  free  devel- 
opment of  carbohydrates  functionally  demands  the  presence  of  an 
adequate  quantity  of  potash;  and,  if  the  plant  is  stinted  in  potash, 
neither  phosphates  nor  nitrates,  even  with  the  assistance  of  abundant 
soda  and  lime,  can  enable  it  to  develop  to  its  utmost.  In  the  Last  six 
years  of  the  fifty  years  now  under  review  the  annual  produce  of  plat 
13,  with  potassium  sulphate,  has  exceeded  that  of  plat  I-  (with  sodium 
sulphate)  !>y  '![  bushels  of  grain  and  hundredweight  of  straw. 
Both  ripe  grain  ami  stra^  consist  mainly  of  carbohydrates,  and  the 
excess  virtually  Indicates  the  greater  carbohydrate  elaborative  power 
conferred  on  the  wheal  plant  by  supplying  it  freely  with  potassium 
salts,  and  the  inability  of  sodium  salts  to  functionally  replace  them. 
But  the  output  of  potash  from  plat  1-  in  quit*'  recent  years  is  so  much 
greater  than  from  plat  11  without  either  potash  or  soda  thai  there 
can  be  little  doubt  of  the  practical  act  ion  of  t  he  sodium  salts  as  a 
solvent  of  the  soil  potash. 

Plat  14  is  similar  in  every  way  in  its  history  to  plai  L2,  except  that 
it  lias  been  annually  dressed  with  280  pounds  of  magnesium  sulphate 
per  acre  instead  of  with  :>»'.»;.l  pounds  of  sodium  sulphate,  [ts  yield, 
though  less  than  that  of  plat  has  been,  on  the  average  of  fifty 
years,  slightly  better  than  that  of  plat  1-,  over  half  a  bushel  of  grain 
and  nearly  1  hundredweight  of  si  raw  per  acre  being  the  annual  advan- 
tage. In  later  years  the  inferiority  to  plat  13  has  become  more  marked; 
but  the  superiority  to  plat  \-2  is  still  distinct,  especially  in  the  yield 
of  straw.  While  receiving  slightly  less  potash  in  its  early  dressings 
than  plat  12,  plat  14  has  given  in  its  crops  nearly  100  pounds  more 
potash  in  fifty  years.  There  should,  by  calculation,  be  now  a  deficit 
of  92  pounds  of  potash  per  acre  as  compared  with  plat  11. 

The  surface  soil  of  plat  14  yields  much  less  cit  i  ic-acid-soluble  potash 
than  was  the  ease  in  1881,  but  the  second  and  third  depths  still  main- 
tain their  superiority,  leaving,  as  compared  with  plat  11,  a  balance 
to  the  good  of  7G  pounds  per  acre  of  easily  soluble  potash  in  the  27 

'Philosophical  Transactions  of  the  Royal  Society  (England],  series  B,  1901, 
vol.  198,  pp.  i:;(J-210. 
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inches  of  soil,  as  against  a  calculated  deficiency,  owing  to  cropping, 
of  92  pounds.  From  these  facts,  as  well  as  from  the  higher  output  of 
potash  from  this  plat,  there  seems  to  be  little  doubt  that  the  magne- 
sium sulphate,  like  the  sodium  sulphate,  has  acted  as  a  potash  solvent, 
but  to  an  appreciably  greater  extent,  especially  in  the  subsoil. 

We  now  pass  on  to  plat  13,  which  has  received,  in  addition  to  ammo- 
mum  salts  and  superphosphate,  a  liberal  annual  dressing  of  potash 
far  in  excess  of  the  demands  of  the  crops.  The  excess  of  supply  of 
potash  per  acre  over  the  output  of  potash  in  the  crops  should  leave 
the  plat  richer  than  plat  11  to  the  extent  of  4,052  pounds  per  acre. 
We  find  soluble  in  dilute  citric-acid  solution  in  the  27  inches  of  soil 
an  excess,  as  compared  with  plat  11,  of  827  pounds.  Of  this  quantity 
404  pounds  per  acre  is  in  the  surface  soil,  288  pounds  in  the  second 
depth,  and  134  pounds  in  the  third  depth,  indicating  a  descent  of  the 
potassium  salts.  The  citric-acid-soluble  accumulation,  even  in  the 
whole  27  inches,  however,  although  so  great,  is  not  much  more  than 
20  per  cent  of  the  expected  accumulation.  Either,  therefore,  much 
of  the  potash  has  been  washed  down  to  lower  depths  still,  or  it  has 
" reverted"  into  some  form  of  combination  with  the  bases  of  the  soil 
in  which  it  fails  to  be  dissolved  by  weak  citric-acid  solution. 

Plat  7  is  manured  like  plat  14,  but  has,  in  addition  to  potassium 
salts,  received  also  an  annual  dressing  of  sodium  and  magnesium 
salts.  This  plat  has  on  the  average  yielded  1-J  bushels  more  grain  and 
If  hundredweight  more  straw  per  acre  than  plat  13,  while  in  the  last 
six  years  (1889-1894)  it  gave  2f  bushels  more  grain  and  1£  hundred- 
weight more  straw  per  acre.  Its  larger  yield  of  crops  has  entailed  a 
distinctly  larger  output  of  potash,  so  that  the  estimated  excess  in  the 
soil  (3,662  pounds  per  acre  more  than  plat  11)  is  390  pounds  less  than 
on  plat  13.  Citric  acid  dissolves,  however,  from  this  plat  115  pounds 
more  potash  per  acre  than  in  the  case  of  plat  13  in  the  surface  soil  and 
11  pounds  more  in  the  second  9  inches,  but  56  pounds  less  in  the  third 
9  inches,  leaving  a  balance  of  70  pounds  per  acre  in  favor  of  plat  7  in 
the  whole  27  inches.  On  the  whole,  and  mainly  in  the  surface  soil,  it 
would  seem  that  the  magnesium  and  sodium  salts  have  effected  the 
retention  of  considerably  more  of  the  potash  in  an  easily  soluble 
condition. 

Plat  5  is  a  duplicate  of  plat  7,  with,  however,  the  important  excep- 
tion that  it  has  received  no  nitrogenous  manure  whatever.  It  yields 
but  meager  crops — better,  it  is  true,  than  those  of  the  wholly  iimii;i- 
QUred  plat — even  now  after  fifty  years.  It  has  given  less  than  half  the 
quantity  of  grain  yielded  by  plat  7  and  about  three-eighths  of  the 
straw,  its  estimated  excess  of  potash  as  compared  with  plat  11  is 
5,242  pounds  per  acre,  or  1,580  pounds  more  than  plat  7.  The  sur* 
face  soil  is  richer  in  ci  1  ric-acid-sol  u  ble  potash  than  that  of  plat  7  by 
20:5  pounds  per  acre,  t  he  second  It  inches  by  225  pounds,  and  the  third 
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9  inches  by  78  pounds,  making  in  the  27  inches  just  over  500  pounds 
per  acre,  or  nearly  one-third  of  the  estimated  difference. 

We  have  yet  to  consider  the  two  farmyard-manured  plats  2b  and  2a, 
the  former  of  which  lias  received  continuously  throughout  the  experi- 
ments 11  tons  of  dung  per  acre  per  annum,  while  the  latter  has  been 
similarly  treated  since  lss4only,  having  been  previously unmanured. 

An  examination  of  the  results  yields  the  following  data: 


Table  Cm.— V> rn< idbalk  wheat  soils,  attmples  collected  in  October,  ISO!— Plats  :b 

and  .'a. 


Plat  8b 
(dunged 
for  50 
years). 

Plat  2a 
(dunged  for 
9  years;  un- 
manured for 
preceding 
41  years). 

Estimate]  oxciwuf  pntasli  p.-r  :ut«>  a*     ,mi>:ir.<l  with  plat  -\   

1'ountla. 
10,048 

94M 

I'ouiids. 

1,249 

Excess  of  potash  over  that  iu  plat  .1,  found  soluble  in  strong  hydro 
chloric  add  in  first 9 inches  

Excess  of  potash  over  that  in  plat  '.i.  found  soluble  in  1  p»-r  cent  citric- 
acid  solution  in 

813 

m 

U6 

746 
289 
<>7 

•  Second  9 inches   

Third  I inches  

l.-.n; 

1,102 

II  will  be  seen  that,  in  the  case  of  the  continuously  dunged  plat, 
only  a  very  small  proport  ion  «»t' t  he  est  [mated  excess  of  potash  is  found 
by  analysis,  either  by  hydrochloric-acid  extraction  or  i>y  citric-acid 
exl  raci  i<»n.  The  proport  ion  of  potash  in  the  dung  is  put  by  sir  Henry 
Gilbei-i  at  <».7;>  percent.  The  difficulty  of  forming  an  accurate  esti- 
mate of  the  average  constituents  of  so  variable  a  substance  as  dung 
has  already  been  discussed  In  relation  to  phosphoric  acid,  and  I  can 
not  help  being  inclined  to  think  thai  the  average  richness  of  the  dung 
in  potash  may  have  been  overestimated.  An  average  error  of  0.1  per 
cent  in  the  estimate  would  amount  to  1,570  pounds  per  acre  in  fifty 
years,  and  an  error  of  ().:>")  per  cent  to  no  less  than  :),'.»l)<>  pounds  per 
acre. 

But  even  after  making  a  liberal  allowance  for  this,  t here  is  clearly, 
a  large  proport  ion  of  potash  not  accounted  for  in  the  dl  rie-acid -soluble 
contents  of  the  soil,  which  must  either  have  remained  in  or  reverted 
into  an  insoluble  condition,  or  have  descended  still  lower  into  the  sub- 
soil. It  seems  probable  thai  both  suppositions  are  true,  for  there  is 
certainly,  in  L893,  clearevidence  of  accumulated  potash  as  far  down  as 
the  third  depth. 

In  the  ease  of  plat  2a,  which  has  only  been  dunged  in  recent  years, 
the  analytical  figures  accord  much  better  with  the  estimate,  and  it  is 
obvious  thai  whatever  error  there  may  be  in  the  potash  estimate  for 
t  lie  dung  has  only  been  mult  iplied  ninefold  instead  of  fifty  fold;  audit  is 
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therefore  possible  that  the  estimate  adopted  may  be  more  accurate  for 
the  dung  recently  used  than  for  that  of  earlier  years.  There  seems  to  be 
evidence  here  again  that  the  potash  of  the  dung  travels  downward  with 
considerable  facility,  for,  although  the  dunging  has  only  been  contin- 
ued for  nine  years,  there  is  a  great  increase  in  the  citric-aeid-soluble 
potash  of  the  second  9  inches,  and  a  considerable  increase  in  that  found 
in  the  third  9  inches. 

Potash  in  Drainage  Waters. 

Reference  has  already  been  made  to  the  results  of  analyses  of  the 
drainage  waters  of  Broadbalk  field  made  in  1867,  1868,  and  1869  by  the 
late  Dr.  Augustus  Voelcker. 

Averaging  the  results  of  the  potash  determinations  in  the  various 
samples  analyzed  during  these  years,  we  obtain  the  following  figures: 

Table  66. — From  analyses  of  Broadbalk  field  drainage  icaters  made  by  the  late 
Dr.  Augustus  Voelcker,  F.  R.  S. ,  1866-18G9. 

[Parts  per  million.] 


Plat. 


Annual  manuring. 


Average 
quantity 
of  potash 
in  drain- 
age water. 


3  and  4    Unmanured . 

10  Ammonium  salts  only  . 

11  Ammonium  salts  and  superphosphate. 

13  Ammonium  salts,  superphosphate,  and  sodium  sulphate  

14  Ammonium  salts,  superphosphate,  and  magnesium  sulphate. 
13  |  Ammonium  salts,  superphosphate,  and  potassium  sulphate  .. 

Ammonium  salts  and  full  mineral  dressing  


Full  mineral  dressing  without  nitrogen 
Farmyard  manure 


1.7 
1.9 
1 

2.7 
1 

3.3 
2.9 
5.4 
5.4 


These  results,  although  the  samples  were  few,  accord  very  well  with 
what  might  be  expected.  The  potash  in  the  drainage  water  from  plat 
1 1  (supplied  with  phosphates  and  nitrogen,  but  no  potash)  is  less  than 
in  that  from  the  unmanured  plats,  3  and  4,  or  from  plat  10,  which 
received  only  ammonium  salts,  the  utilization  by  the  crops  being,  of 
course,  greater  on  plat  11  in  presence  of  an  abundant  supply  of  phos- 
phates and  nitrogen. 

Plat  12,  supplied  in  its  earlier  history  with  potash,  and,  in  virtue  of 
this  (and  probably  also  of  the  solvent  action  of  the  sodium  salts), 
showing,  in  the  1865  soil  samples,  more  citric-acid-sol uble  potash  than 
plat  11,  also  yields  more  potash  in  its  drainage  water,  and  it  also 
yields  more  thai)  plat  14,  to  which  magnesium  salts  were  applied, 
which  is  again  in  accord  with  the  citric-acid  results. 

Plat  L3,  well  supplied  with  potash,  shows  decidedly  more  potash  in 
iis  drainage  water  than  plat  7,  which,  while  also  liberally  supplied 
with  potash,  gels  in  addition,  sodium  and  magnesium  salts,  and  gives 
in  consequence  a  greater  crop,  utilizing  somewhat  more  potash. 

Plat  5,  getting  a  fuller  supply  of  minerals  than  plat  13,  but  no  nitro- 
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;*en,  yields  much  more  potash  in  its  drainage — as  much  as  the  dunged 
Mat,  which  receives  the  greatest  quantity  of  potash. 

The  average  quantities  are  in  no  case  great,  varying  from  1  part  of 
potash  per  million  parts  of  water  on  plats  11  and  14,  to  5.4  parts  per 
million  on  plats  5  and  2;  but  the  higher  Quantities  are  nevertheless 
ugnifieant.  Assuming  an  annual  percolation  of  10  inches  of  drainage 
water  into  the  drainpipes  or  into  the  subsoil  below  27  inches,  the 
quantities  found  would  probably  represent  as  little  as  about  2i  pounds 
3f  potash  pel*  acre  per  annum  in  the  case  of  plats  11  and  14,  and  as 
much  as  12j  pounds  per  acre  from  plat  5  (full  mineral  dressing  with- 
>ut  nitrogen)  and  from  plat  2  (cont  inuousU  dunged).  The  difference 
between  these  two  extremes  would  amount  to  .r><><)  pounds  per  acre  in 
5fty  years,  hut  it  seems  probable  that,  as  the  quantity  of  potassium 
kits  has  annually  accumulated  in  the  soil,  the  quantity  of  potash  in 
the  drainage  waters  will  have  become  greater  in  later  years  on  the 
potash-manured  plats  and  on  the  continuously  dunged  plats.  Dr. 
Voeleker's  analyses,  therefore,  may  he  regarded  as  yielding,  even  as 
long  ago  as  1 86 7-1 869,  evidence  of  appreciable  descent  of  potash  on 
the  plat  on  which  the  applical  ion  <>f  potassium  salts  had  been  excessive, 

iml  where  its  utilization  had  been  Least,  owing  to  the  absence  of 

ii it  rogenous  manure,  and  also  OB  the  continuously  dunged  plat.  Fur- 
thermore, the  analytical  results  of  the  subsoils  of  these  plats  down  to 
i  depth  of  27  inches  show  a  much  Larger  quantity  of  citric-acid-soluble 
potash  1  han  do  t  hose  <>f  any  of  t  he  ot  her  plats,  and  1  his  seems  to  accord 
with  the  indications  of  the  descent  of  some  potash  in  the  drainage 
water  to  even  a  lower  depth. 

General  Conclusions  as  to  Potash. 

The  general  conclusions  derived  from  the  potash  results,  as  summed 
up  in  the  pap  t  recently  laid  before  the  Royal  Society,1  are  to  the 
effect  that  strong  hydrochloric  acid,  as  a  solvent  for  potash  in  soil 
analysis,  is  again  shown  to  be  pract  ically  useless  as  a  gauge  of  potash 
fertility,  especially  in  soils  containing  an  abundance  of  total  potash 
in  mineral  combination  as  silicates,  etc.  No  concordant  results  are 
obtainable  except  by  working  under  the  strictest  arbitrary  conditions, 
and  the  results,  even  when  concordant,  have  little  meaning  apart 
from  an  independent  knowledge  of  t  he  history  of  the  soil.  Wit  Ii  this 
knowledge  they  are  interesting,  but  in  its  absence  t  hey  are  of  little 
use  except  in  ext  reme  cases. 

The  results  obtained  by  citric  acid,  however,  are  on  the  whole  both 
instructive  and  consistent.  They  show  that  the  largest  accumulation 
of  manurial  potash,  where  applied  in  t  he  form  of  dung  or  of  potassium 
salts,  is  in  the  surface  soil;  but  that  a  large  proportion  is  also  found 

'Philosophical  Transactions  of  the  Royal  Society  [England],  1901,  series  B,  vol. 
194,  pp.  235-290. 
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in  the  second,  and  even  in  the  third,  9  inches.  The  accumulation  in 
the  subsoil  is  most  evident  in  the  eases  of  the  dunged  plats  and  of  the 
plat  which,  in  addition  to  potassium  salts,  has  received  superphos- 
phate and  mixed  sodium  and  magnesium  sulphates,  without  nitrogen. 
Both  sodium  and  magnesium  salts  have  exercised  a  distinct  influence 
in  increasing  the  proportion  of  citric-acid-soluble  potash  in  all  depths 
on  the  plats  to  which  no  potassium  salts  have  been  applied  for  forty 
years.  These  plats  still  maintain  a  higher  yield  of  potash  in  their  crops 
than  does  the  plat  manured  with  superphosphate  and  ammonium 
salts  only,  though  the  equivalent  of  the  potash  originally  added  has 
been  more  than  exhausted  in  one  case  and  nearly  exhausted  in  the 
other.  Furthermore,  sodium  and  magnesium  salts,  used  in  conjunc- 
tion with  potash  salts,  have  caused  a  much  larger  retention  of  potash 
in  a  citric-acid-soluble  condition  than  when  potassium  sulphate  lias 
been  used  without  them,  although  the  potash  taken  up  by  the  crops 
has  been  greater  than  in  the  latter  case. 

It  has  usually  been  considered  that  potash  is  pretty  firmly  retained 
in  the  surface  soil  on  land  containing  a  fair  proportion  of  cla}\  That 
this  is  the  case,  as  compared  with  sodium  salts,  has  often  been  shown, 
and,  apart  from  earlier  investigation,  was  clearly  brought  out  in  the 
drainage  water  analyses  of  the  late  Dr.  Voelcker,  just  referred  to; 
'but,  as  we  have  seen,  even  these  analyses  showed  a  considerable 
loss  of  potash  in  drainage  in  certain  cases,  and  it  is  evident  from  the 
results  of  the  analyses  of  the  soils  and  subsoils  that  though,  relatively 
to  sodium  salts,  potassium  salts  readily  become  fixed  in  clay  soils — 
often,  probably,  passing  into  a  very  stable  insoluble  form — they  are 
nevertheless  far  more  "migratory"  than  phosphoric  acid. 
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THE  BROADBALK  WHEAT  SOILS  (Continued). 

COMPARISON  OF  RESULTS  OF  ANALYSES  OF  THE  VARIOUS  SAM- 
PLES DRAWN,  RESPECTIVELY,  IN  1865,  1881,  AND  1893. 

TOTAL  NITROGEN  AND  ORGANIC  CARBON. 

We  have  complete  sets  of  nitrogen  determinations  in  the  samples 
of  188]  .-^  well  as  in  those  of  1893,  and  also  nitrogen  determinations 
in  the  less  complete  set  taken  in  lsr,;>. 

It  will  be  remembered  (see  earlier  discussion,  p.  25)  that,  in  dis- 
missing the  L893  Bample&,  we  have  adopted,  as  probably  the  more 
BOrrect,  the  results  Of  the  nitrogen  determinations  made  by  the  K.jcl- 

dahl  method;  but,  for  comparison  with  the  earlier  results,  we  must 
take  f or  the  L893  samples  the  determinations  made  by  the  soda-lime 
method,  as  these  alone  will  be  st rict ly  comparable  with  the  figures 
similarly  obtained  lor  the  lsr,;,  and  1881  samples.  The  deficiencies 
should  be  fairly  constant  at  all  three  periods,  and  should  not  mate- 
rially affect  the  differential  results. 

We  also  have  organic  carbon  determinations  in  t  wo  out  of  the  three 
sets  of  samples. 

Tables  G7  and  US  set  forth  both  the  nitrogen  and  carbon  results, 
Stated  in  terms  of  percentage  and  as  pounds  per  acre  based  upon  the 
adopted  weights  of  soil  already  explained. 

Table  6?.— BroadbaXk  wheat  soUe— Total  nitrogen  {by  soda-lime  method),  stated 
as  percentages  of  fine  dry  toil  and  as  pounds  per  acre,  in  samples  collected 
October,  1866,  I  kstobt  r,  tssi,  <md  Octoh  r,  16 


FIRST  9  INCHES, 


1865. 

1881.  1893. 

Per  cent. 

Pounds 
per  acre. 

Per  cent. 

Pounds 
per  acre. 

Per  cent. 

Pounds 
per acre. 

Plat  2a  

0.1520 
.2132 

.0906 
.0971 
.  1076 
.1146 
.1167 
.1116 
.1058 
.1002 
.1029 
.1119 

.mo 

.1088 
.1204 
.1188 
.1110 
.1117 
.1204 
.1309 

3,815 
4,976 
2.437 
2,349 
8,517 
2. 790 
2.  971 
3.026 

2.  m 

8,  743 
2,598 
2.  668 
2.901 
2,878 
2,821 
3, 122 
3,080 
2,878 
2.896 
3,122 
3,377 

Plat  2b  

(1.1752 
.  11  (.-)() 

4.343 
2.  722 

0. 1836 
.1009 
.(1919 
.(I9S1 
.11(10 
.  12ii7 
.126(1 
.  12(H) 
.  1064 
.1034 
.1(137 
.1121 
.1155 
.1191 
.1163 
.1178 
.1066 
.1088 
.1116 
.1230 

4.399 
2.616 
8,883 
2.  54'3 
2.  867 
3.129 
3,867 
3.111 
2, 759 
2.681 
2,689 
2,906 
2.994 
3.088 
3,015 
3,054 
2, 764 
2,821 
2,893 
3.186 

Plat  I  

Plat  6  

PlatT  

.1170 

3,034 

Plat  8  

Plat  Ua  

Plat  9b  

.1178 

3,054 

Plat  H »a  

Plat  10b  

.1065 

2.  7ftl 

Plat  11  

.  1 125 
.1157 
.1151 
.1154 

2.91»i 
2.999 
2.984 
2.991 

Plat  12  

Plat  14  

Plat  18  

.1210 

3, 137 

Plat  17  

Plat  10  
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Table  67,—Broadbalk  wheat  soils — Continued. 


SECOND  9  INCHES. 


1865. 

1881. 

1893. 

Per  cent. 

Pounds 
per  acre. 

Per  cent. 

Pounds 
per  acre. 

Per  cent. 

Pounds 
per  acre. 

0.0761 
.0712 
.0696 
.0670 
.0684 
.0671 
.0598 
.0696 
.0765 
.0778 
.0789 
.0765 
.0747 
.0791 
.0686 
.0748 
.0809 
.0708 
.0731 
.0701 
.0776 

2,033 
1,902 
1, 859 
1,790 
1,827 
1,  -92 
1,597 
1,859 
2,044 
2,078 
2, 108 
2,044 
1,995 
2, 113 
1,833 
1,998 
2, 161 
1,891 
1,953 
1,873 
2,073 

Plat  2b  -  

0. 0810 
.0738 

2,164 
1,971 

0.0742 
.0681 
.  0644 
.0698 
.0684 
.0692 
.0718 
.0717 
.0689 
.0672 
.0681 
.0736 
.0729 
.0707 
.0695 
.0711 
.0654 
.0721 
.0743 
.0797 

1,982 
1,819 
1,720 
1,865 
1,827 
1,8,49 
1,918 
1,915 
1,841 
1,795 
1,819 
1,966 
1,947 
1,889 
1,857 
1,899 
1,747 
1,926 
1.9S5 
2,129 

Plat3  -  -.- 

Plat  4   ... 

Plat  5    

.0715 

1,910 

PlatG  

Plat  7  -  

.0707 

1,889 

Plat8  --  ---  -   

Plat  9a    — 

.0757 

2,022 

Plat  9b  -  

Plat  10a  

.0730 

1,950 

Plat  10b    -  ... 

Plat  11   

.0762 
.0758 
.0722 
.0814 

2,036 
2,025 
1,929 
2,174 

Plat  12   

Plat  13    

Plat  14    

Plat  16.  

.0786 

2,100 

Plat  17     

Plat  18   

Plat  19    

THIRD  9  INCHES. 

Plat  2a   

0.0645 
.0628 
.0594 
.0573 
.0560 
.0558 
.0527 
.0587 
.0609 
.0649 
.0678 
.0682 
.  0622 
.0676 
.0566 
.0635 
.0578 
.0606 
.0606 
.  0(506 
.0697 

1,801 
1.753 
1,658 
1,600 
1,563 
1.558 
1,471 
1,639 
1,700 
1,812 
1.893 
1,904 
1.736 
1,887 
1,580 
1.773 
1,613 
1,692 
1, 692 
1,692 
1,946 

Plat  2b  

0.0619 
.0561 

1,728 
1,566 

0. 0576 
.0550 
.0563 
.0572 
.0557 
.0563 
.0606 
.0603 
.0568 
.0574 
.0620 
.0617 
.0618 
.0566 
.0607 
.0612 
.  0604 
.0629 
.0596 
.0639 

1,608 
1,535 
1,572 
1,597 
1,555 
1,572 
1,692 
1,683 
1,586 
1,602 
1,731 
1,722 
1,725 
1.580 
1,694 
1,708 
1,686 
1,756 
1,664 
1,784 
-• 

Plat  3    

Plat4._   

Plat5   

.0612 

1,708 

Plat  6   

Plat  7     

.0613 

1,711 

Plat  8   

Plat  9a  

.0620 

1,731 

Plat  9b    

Plat  10a   

.0637 

1,778 

PJat  10b  

Plat  11  

.0(513 
.0627 
.0584 
.0637 

1,711 
1,750 
1,630 
1,778 

Plat  12  

Plat  13...  

Plat  14    

Plat  15  

Plat  10  

.0620 

1,731 

Plat  17   .  

Plat  18   

Plat  19  
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Table  68.—Iiroadl>alk  wheat  -soils— Organic  carbon,  stated  as  percentages  of  fine 
dry  soil  and  as  pounds  p<  ■>•  a<-n\  in  samples  collected  October.  1SS1,  and  October, 
is1.'.;. 


First  9  inches. 

Second  9  inches. 

Third  9  inches. 

1881. 

lS'.CJ. 

1881. 

1S!(3. 

1881. 

1893. 

Per 

Pounds 

Per 

Pounds 

Per 

Pounds 

Per 

Pounds 

Per 

Pounds 

Per 

Pounds 

cent. 

per 

cent. 

per 

cent. 

per 

cent. 

per 

cent. 

per 

cent. 

per 

acre. 

acre. 

acre. 

acre 

acre. 

acre. 

Pint  ";i 

711 

0.645 

17,880 

0.515 

14,376 

Plat  2b 

2.  182 

51,082 

8.880 

52,048 

ii.  ,7  J 

lS.IKlT, 

.7  is 

19,981 



0. 518 

it."  \m 

.492 

13,734 

Plat 3 . 

.977 

2.5. 3  in 

.888 

23,022 

.838 

16.848 

.  565 

15,093 

.468 

13.(104 

.483 

13.483 

Pl;it  1 

l.Ulli 

88,  L86 

.\m 

23.  .567 

.  587 

16,146 

.mi 

16,112* 

•  Mri 

12.92.5 

.  463 

12,925 

Plat  5 

1. 

26. 

.  931 

21.  137 

.  8  8 

16,  288 

. 

1").  6Sl 

.  4ti6 

13,  m  i> 

.  1 16 

12,450 

Hat  6 

1.  KM 

:»l.*52 

ton 

26.  119 

.806 

16. Ins 

.  5*3 

15.574 

.  14» 

12.506 

.429 

11,976 

Plat  7 

1 .  267 

32,  H49 

i.  nu 

88,546 

.  599 

16,001 

.53(1 

14.  l.> 

.4.50 

12,562 

.426 

11,892 

Plat  8 . 

L812 

84,015 

L188 

89  MM 

.•'46 

17.2.57 

.  61  Is 

16,242 

.470 

13,120 

.443 

12.3615 

Plat  9a 

1.250 

32, 

1. 162 

80,128 

.  655 

i7.  m 

•Ml 

17.3-.ii 

.  163 

12. 825 

.535 

14.935 

Plat  0b 

i .  i  15 

89,888 

1.IMIS 

26.  131 

JjlW 

16,242 

.640 

17,(>96 

.  ».v> 

12,645 

.  524 

14,627 

Plat  10*. 

1.095 

88,888 

L048 

27.  197 

.620 

16,562 

06* 

17,844 

.  17.; 

13.2** 

.526 

14,683 

Plat  lnl, 

1.088 

27,480 

.969 

85, 122 

.61* 

17,810 

.;■>.; 

17,681 

.521 

14.544 

.524 

It..  127 

Plat  1 1 

1.176 

80, 180 

1.  in? 

88,700 

.694 

18,680 

.643 

17.177 

.503 

14,041 

.  492 

13,734 

Plat  12 

1 . 885 

83.815 

1.12:$ 

88,116 

672 

17,861 

.♦•43 

17.177 

.501 

13. 9S5 

.526 

14,683 

Plat  18 

L.2B7 

82, 588 

L  181 

80,201 

.  664 

17.73* 

.630 

16,  328 

.4*1 

13.  127 

.477 

13.315 

Plat  1  1 

1  25t 

82,  :»1 1 

l  187 

29,  178 

.641 

17. 123 

629 

16,  *03 

.  193 

13. 762 

.502 

14.(113 

Plat  16 

i  810 

32.301 

1.17H 

80,381 

664 

17.7:^ 

727 

18,  421 

.  1*2 

13.  455 

.  535 

14.935 

Plat  16 

L080 

28,000 

LOBS 

27,611 

.5KH 

16,707 

.  882 

18.21* 

.  1st 

13.511 

.438 

12.227 

1.810 

:tl.  :i71 

L.084 

>  363 

.612 

17. 160 

.850 

17.:$64 

.  17«.i 

13.371 

.492 

13,734 

ri.-it 

1.261 

32,693 

1  1  Mi 

2-.I.711 

J8B 

I7.IU3 

.6311 

16,828 

.442 

12.33X 

.478 

13.343 

Plat  1!' 

1.:*;: 

35,4*10 

1  - 

«.«, 

.717 

18, 158 

19,207 

:>ut 

14.1169 

.587 

16. 3S6 

Attention  for  the  moment  may  be  directed  especially  to  the  surface 
soils,  representing  the  first  9  inches  of  each  plat,  in  each  of  the  three 
years. 

Having  devoted  so  much  time  and  space  to  the  detailed  considera- 
tion of  the  Is'1-!  samples,  all  we  need  here  do  is  to  see  how  far  the 
results  of  the  l\v.>  previous  samplings  bear  <»ut  the  conclusions  gener- 
ally arrived  at  from  those  of  later  ones.  You  may  be  reminded  that 
the  three  samplings  represent  the  twenty-second,  thirty-eighth,  and 
fiftieth  years  of  these  continuous  experiments.  The  continuously 
dunked  plat,  Jb,  shows  a  steady  gain  in  percent  aire  of  nitrogen,  which 
has  increased  markedly  since  1  ss  1 ,  the  three  percentages  being  0.1752, 
0.1836,  and  0.2132.  Between  1805  and  1881  the  difference,  expressed 
as  pounds  per  acre,  is  less  marked  than  in  percentage,  but  this  is 
because  the  surface  soil  has  become  lightened  and  weighs  less  for  a" 
like  depth.  The  organic  carbon,  between  1881  and  1893,  shows  an 
increase  of  964  pounds  per  acre. 

The  rape-cake  plat  (No.  19)  was  not  analyzed  in  1805.  Between 
1881  and  1893,  however,  we  see  that  it  has  accumulated  0.0079  per  cent 
of  nitrogen,  or  191  pounds  per  acre.  The  farmyard  manure  and  the 
rape-cake  plat  s,  it  will  be  remembered,  are  the  onl}T  plats  that  seem  to 
accumulate  actual  mannrial  nitrogenous  matter  as  such.  . 

Next  we  may  consider  plats  :>  and  4,  the  unmanured  plats.  Both 
show  a  steady  decline  in  nitrogen  and  carbon  from  period  to  period. 
Closely  behind  them,  both  in  nitrogen  and  carbon  diminution,  comes 
plat  5,  with  mineral  dressings  only.    It  has  lost  rather  less  nitrogen 
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than  plats  3  and  4,  but  the  loss  has  been  progressive,  though  the 
diminution  seems  to  have  been  slower  latterly  than  in  earlier  years. 

Plats  10a  and  10b,  notwithstanding  their  400  pounds  per  aere  per 
annum  of  ammonium  salts,  show,  in  the  absence  of  mineral  manures,  a 
gradual  but  steady  loss  of  soil  nitrogen,  and  the  carbon  also  decreases. 

Plats  6,  7,  and  8,  all  supplied  with  full  minerals,  but  progressively 
increasing  dressings  of  ammonium  salts  (200,  400,  and  600  pounds  per 
acre  per  annum  respectively),  all  show  a  decrease  of  nitrogen  since 
1881,  and  the  carbon  also  declines. 

Plats  11,  12,  13,  and  14,  the  series  which  all  receive  the  same  dress- 
ing of  ammonium  salts  (400  pounds  per  acre  per  annum)  and  super- 
phosphate,  but  differ  in  other  saline  applications,  show  on  the  whole 
a  decline  in  both  carbon  and  nitrogen. 

Plat  9a,  manured  with  sodium  nitrate  and  full  minerals,  shows  a 
decrease  in  both  carbon  and  nitrogen.  It  is  to  be  noted  that  its  neigh- 
bor, plat  01),  which  receives  only  sodium  nitrate,  without  minerals, 
was  in  1881,  as  well  as  in  1893,  much  poorer  both  in  nitrogen  and  car- 
bon than  plat  9a,  which  receives  phosphates  and  potash,  as  well  as 
sodium  nitrate,  and  which,  in  consequence,  persi stently  grows  larger 
crops,  necessarily  leaving  larger  root  and  stubble  residues. 

Plat  16  shows  well  the  evidences  of  its  checkered  history.  Liber- 
ally manured  from  1852  to  1864,  with  full  minerals  and  as  many  as 
800  pounds  of  ammonium  salts  per  annum,  it  was  in  1865  the  richest  of 
all  the  chemically  manured  plats  as  regards  nitrogen  contents,  show- 
ing as  much  as  0.1210  per  cent  of  nitrogen.  Then  it  was  unmanured 
for  nineteen  years,  and  toward  the  close  of  these  starvation  years,  in 
1881,  we  find  it  to  have  fallen  in  nitrogen  contents  to  0.1066  per  cent, 
a  decline  of  373  pounds  per  acre  in  sixteen  years,  or  23  pounds  per 
annum.  Since  1884,  however,  it  has  had  full  minerals  and  550  pounds 
per  annum  of  sodium  nitrate,  and  after  these  nine  years  of  prosperity 
it  shows,  in  1893,  a  regain  of  114  pounds  per  acre  of  its  lost  nitrogen. 

Plats  17  and  18,  nitrogenously  and  minerally  manured  in  alternate 
years,  and  giving  alternately  high  and  low  crops,  are  still  gaining 
nitrogen,  not  having  apparently  reached  the  turning  point  in  accumu- 
lation shown  much  earlier  on  most  of  the  chemically  manured  plats. 

Th<>  following  table  (Table  69)  shows  conveniently,  together  with 
the  surface-soil  nitrogen  contents  of  the  various  plats  already  given, 
the  gain  and  loss  indicated  by  the  samples  during  each  period,  and 
also  the  difference  at-  each  date  between  each  plat  and  plat  5,  the  plat 
fully  supplied  with  minerals,  but  without  any  nitrogenous  dressing, 
and  therefore  the  plal  in  the  best  posit  ion  to  utilize  soil  nitrogen,  and 
on  this,  and  also  on  other  grounds,  the  best- standard  of  comparison 
for  many  of  the  plats. 
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TABLB  to.—Broadbalk  wheat  soils  {1865,  1881,  and  1803)— First  0  inches  only— 
NlTEOGl  n  i"  r  acre  in  fine  dry  soil,  and  differences  for  each  period;  also  the 
amounts,  +  or  — ,  plat  5. 


Nitrogen  per  acre  in  fine  dry  soil. 

Plat 

Annual  manuring. 

1881, 

1893, 

4-  or  - 

,  plat  5. 

1865. 

1881. 

1893. 

4-  or  — 

4-  or  — 



1865. 

1881. 

1865. 

1881. 

1893. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

— H 

_ 

r  arni  yar<  1  vin; i  ti  u  F6  B1&06 

1HK4 

4-1,298 

3b 

F  arm  yard  maim  rt*.    1  y<  ';ir> 

l.:u:! 

4.309 

1,976 

+  56 

4-577 

+ 1 . 561 

4-1.856 

4-2, 459 

8 

•>  J22 

2,tJl*i 

2.  137 

-106 

-179 

—  60 

"t* 

73 

-  80 

4 

1     TlTll'lTltlt'i'/l    wj||n<    1  v",'* 

2.3*3 

2,349 

-  34 

1(50 

—  168 

1*  nil  in i ncrnls -  

2. 782 

:.'.:>»:; 

2.5 17 

-239 

-  26 

N 

1   UII    fill  I J  •  I  <11»   <illLX  (lllliliO 

111 1 1 1 11  Hill t S  ....  ....  ....  .... 



2. 887 

8,790 



—  77 

j 

T 

884 

4-  273 

■ 

 do  

8,084 

8, 180 

8,071 

+  95 

158 

f  252 

4- 

588 

4-  454 

g 

-241 

4- 

724 

4-  509 

!*a 

1'*  1  1  1  1    I  1 1  1  1  1  1  »  1*11  1  U    fiill]  ^...llltlTll 

3Jj 1     ■•••*.• — r * ■  

3.(154 

a,  1 1 1 

8,888 

4-  57 

-218 

4-  272 

+ 

668 

4-  376 

9b 

^<hiiuih  nitrato  onl\ 

8,  nso 

2.743 

-  16 

4- 

216 

4-  236 

K>ii 

Ammonium  salts  (no  min- 



2.  m 

8,881 

2.598 

-  so 

-  83 

—  21 

4- 

138 

4-  81 

KHi 

AiiiiiiDiiiuiu  salts  <  no  miii- 

2.689 

~.  BOB 

-  21 

+ 

146 

4-  151 

11 

Puosplmtes    and  ammo 

nium  salts  

8/9M 

8,808 

8,001 

--  111 

-  5 

+  184 

4- 

363 

4-  :i84 

13" 

Pliosj >lia t * *s.  sodium,  and 

ammonium  salts   

t  BOO 

2.901 

8,878 

-  116 

+  217 

+ 

451 

-1-  361 

18 

Phosphates,  potassium, and 

2.UKI 

3.IIKH 

8,881 

4-104 

-367 

4-  202 

+ 

545 

4-  304 

M 

Phosphates,  magnesium, 

and  ammonium  stilts 

8,881 

3,(U5 

3.  122 

4-  24 

4-107 

21  m 

4- 

472 

4-  605 

U 

Full  minerals  and  ammo- 

nium salts  tautulnn »  .  . 

8,084 

3,080 

+  26 

+ 

511 

4-  563 

18 

Full  minerals  and  sodium 

nitrate  sinoo  I8M  1 1MB 

1883  unmanured )  

.3,  i:J7 

8,  Ttd 

8,878 

-:{73 

+  114 

4-  355 

4- 

221 

4-  861 

I Full  minerals  and  ammo-l 

8,80 

ft  888 

4-  75 

4- 

878 

4-  379 

S 

j    nium  salts.  transposed  in 

{ 

8,888 

3.122 

•  881 

+ 

860 

4-  605 

19 

3.  isii 

3,377 

4-191 

4- 

643 

4-  8(50 

Generally  we  see  thai  on  the  chemical  plat s  the  tendency,  even 
under  liberal  I  real  men  1 .  has  been  toward  decline  rather  than  increase 
pf  accumulated  nitrogen  in  later  years,  following  on  an  earlier  period 
of  gain.  In  fact,  we  seem  to  see  in  progress  the  attainment  of  that 
equilibrium  which  Professor  Warington  pointed  out  to  you  in  1891 
as  naturally  tending  to  establish  itself  under  any  mammal  conditions 
in  a  drained  and  aerated  soil.  Up  to  a  certain  point  the  increase  of 
crop  and  weed  residue,  induced  by  liberal  manuring,  produces  accu- 
mulation of  organic  matter;  but  this  increase  furnishes  increased 
pabulum  for  the  myriads  of  soil  microbes,  fost  ering  their  growth  and 
increasing  their  activity,  so  that  they  destroy  the  excess  of  organic 
matter  that  helped  them  to  multiply.  They  then  become  less  active, 
and  a  balance  is  struck  between  the  annual  supply  of  organic  food 
furnished  to  them  by  crop  and  root  residues  and  their  annual  potency 
to  break  it  down  and  destroy  it.  On  such  an  explanation  each  plat 
should  in  time  arrive  at  its  own  point  of  average  equilibrium  as 
regards  nitrogen  contents. 

On  this  supposition  it  may  be  said  that  on  plat  3  (unmanured  for 
fifty  years)  the  conditions  arc  less  favorable  for  bacterial  multiplica- 
9385— No.  106—02  9 
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tion  and  exercise  of  function;  hence  the  slowness  of  soil  nitrification 
which,  aided  by  the  absence  of  mineral  manure,  keeps  the  crops  on 
this  plat  small,  but  at  the  same  time  renders  their  decline  so  remark- 
ably slow  that  even  after  more  than  half  a  century  of  ceaseless  crop- 
ping, the  land  still  yields  from  12  to  13  bushels  of  grain  and  its 
accompanying  straw  per  acre. 

The  results  for  the  subsoils  are  more  difficult  to  consider,  owing  to 
the  natural  irregularities  formerly  alluded  to.  It  may,  however,  be 
said  that,  in  the  second  depth,  from  1865  to  1881  there  appears 
throughout  to  be  a  diminution  of  nitrogen,  wherever  we  have  1865 
samples  for  purposes  of  comparison.  Between  1881  and  1893  the 
general  tendency  appears  to  be  toward  an  increase  in  nitrogen.  In 
the  third  0  inches,  from  1865  to  1881  there  appears  to  be  more  or  less 
decline,  with  a  tendency  toward  increase  between  1881  and  1893. 
But  many  of  the  differences  are  only  such  as  may,  so  far  from  the 
surface,  be  due  to  chance  irregularities. 

NITROGEN  AS  NITRATES — "  NITRIC  "  NITROGEN  (1881  AND  1893  RESULTS 

COMPARED). 

The  nitric  nitrogen  was  not  determined  in  1865,  but  it  was  deter- 
mined in  the  1881  samples  by  Professor  Warington.  The  following- 
table  shows,  side  by  side,  the  nitric  nitrogen  found  in  the  first  three 
depths  of  each  plat  in  both  years,  and  also  a  summary  giving  for  each 
year  the  total  quantity  found  in  the  whole  27  inches. 

Table  ^.—Broadbalkirlieat  soils,  1SS1  and  1SD3—  Nitrogen  as  nitrates  ("mYnc" 
nitrogen)  stated  as  parts  per  million  of  fine  dry  soil  and  as  pounds  per  acre, 
in  samples  collected  in  October,  1S81,  and  October,  1893. 


First  9  inches. 


Second  9  inches. 


Third  9  inches. 


1881. 


1881. 


1893. 


Plat. 


2a 

2b 

3 

4 

5 

H 

7 

8 

9a 

9b 

10a 
mi, 
11 

12 
13 
14 
15 
16 
17 
18 
19 


12.23 
3.80 

3.  02 
1.94 
(5.46 

:.!»t 

8. 27 

r.r:( 
6.:$8 
5. 56 
.->. 

7.03 
5. 99 
4.94 
6.80 
5.  26 

4.  15 
4. 19 
1  If, 


© 

£  0 

O 
Ph 


20.:50 
9.  85 
9.39 
12.  81 
If..  7;") 
2. /.:>!♦ 
21.44 
20.  04 
16.  54 
11.39 
13.61 
IK.  23 
16.68 
12.81 
16.33 
18. 84 
Hi.  76 

10.  KM 

a.  66 
n  80 


9.43 
4.51 
3. 72 
3. 07 
4.00 
5. 45 
6.  77 
6.71 
0.41 
4.28 
i.83 
3.64 
4.50 
5.  46 
5.37 
5. 16 
3.  K6 
t 

4.70 
4.49 

8 1  -V) 


co  a3 


23.07 
10.53 
9. 64 
7.96 
10. 68 
14.13 
14.  % 
L7,  H» 
16.62 
LI.  10 
12.52 
9.  1 1 
11.67 
14. 16 
13.  92 
13. 38 
10.01 

L8.69 
12.  19 
11.64 

22.06 


52 
a. 


5.70 
1.94 
1.48 
2. 63 

2.  77 
i.  11 
5.  15 
3.68 
7.43 
4.38 
3. 32 
3.42 

3.  K] 
3.3(1 
3.21 
3. '.».") 

1.K6 
2.76 
3. 10 
1.19 


0  53 
O 
Ph 


15. 23 
5. 18 
3.95 
7.03 
7. 40 

11.14 

13. 76 
9. 86 

19. 85 

11.70 
8.87 
9. 14 

10.18 
8.82 
K  57 

10.55 
L.97 
7.37 
8. 28 

12  .  K0 


s  a 

Ph 


8.48 
16. 98 
3.45 
2.63 
2. 38 
4.77 
7.19 
10.92 
7.20 
13.05 
it.  52 
10.88 
9.20 
9.54 
9.79 
11.60 
7. 00 
15.94 
10.87 
16.63 
9.12 


co  a) 


22.65 
45. 36 
9.22 
7.03 
6.36 
12.74 
19.21 
88. 17 
lit.  23 
34.86 
25.  43 
i  io 
24.58 
25.48 
26. 15 
30.99 
18.70 
42.58 
87.70 
41.49 
24.36 


Ph 


2.45 
1.00 

.65 
1.67 
1.71 
2.07 
2.  XI 
2.98 
6.  H 
2.  65 
2. 15 
1.32 
1 .  .58 

.93 
1.31 
1.50 
5.11 
1.24 
1  90 

2. 56 


P.  . 

CO  CD 

M 

O 
Ph 


.78 
7.90 
8.32  I 
17.98 
7.  10 
6.00 
3.(58 
4.41 

2.  (50 

3.  (56 
4.19 

14.26 
3.46 
5.30 
7.20 
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Table  70.  — BroadbaJk  wheat  soils,  etc. — Continued. 

Sl'MMARY— FIRST,  SECOND,  AND  THIRD  DEPTHS  (27  INCHES'. 


Annual  manuring- 


i»a 
in.-, 

10b 

n 

IS 

18 

1 1 

I » 

Ifi 

17 

18 

1!» 


Nitro- 
gen in 
manure 
per  acre 
per  an- 
num. 


Farmyard  manure  since  1884  

Farmyard  manure  VJ  years   

Uiimaiiiircd   

L'nmanuivd  since  1862   

Full  minerals  

Full  minerals  and  ammnnium  salts  

 do  

 do  

Full  minerals  and  sodium  mtrat«-  . .. 

Sodium  nitrate  only    .  .  

Ammonium  s:ilts  <  no  minerals  simv        <    . 

Ammonium  salts  i  no  iniiifials  sin'-.,  lsvi i   

Phosphates  and  ammonium  salts. .  . ...   

Phosphates,  sodium,  and  ammonium  salts   

Phosphates,  potassium,  and  ammonium  salts   

Phosphates,  magnesium,  and  ammonium  salts  

Full  minerals  and  ammonium  salts   autumn  >  

Full  minerals  and  sodium  nit  rate  since  |s>( 
I  Full  minerals  and  ammonium  salts  transposed  in  alternate 
I  years  

Rape  cako  


Pf  minis. 
800 

SNI 

0 
0 
I) 
43 
86 

4:t 
43 
86 
S6 

ws 


1881. 


Pounds. 

51.37 
17.82 
IV  15 
84.50 
38.  !C 
37.51 
4.3.  10 
38.  •» 
54.  37 
38.  IS 
28.51 
31.05 
80. 12 
84.23 
L's.  ;,f, 
38.38 
a  89. 8D 
81.66 
25.  1 1 

3i.:m 


a  N<»  nitrate  in  L88L 


The  climatic  conditions  in  the  two  years  were  by  no  means  alike, 
except  in  so  far  as  that  in  both  years  they  resulted  in  the  crops  being 
exceptionally  light.  In  L88]  there  was  exceedingly  heavy  rain  imme- 
diately after  the  crop  was  ent  in  Augusl ,  amount  ing  to  nearly  »>  indies; 
and  this  rain  mast  have  tot  the  most  part  washed  downward  the 
nitrates  already  existing  in  the  upper  layers  of  the  soil  and  unutil- 
ized by  the  crop.  Indeed  (as  was  pointed  out  in  Professor  Waring- 
ton's  lectures  to  you  in  1891),  the  analyses  of  drainage  waters  collected 
from  the  plats  at  the  time  showed  that  this  was  the  ease.  The  field 
was  plowed  in  September,  and  the  moisture,  warmth,  and  aeration  of 
the  soil  produced  exceedingly  rapid  autumn  nitrification  before  the 
soils  were  sampled  in  October.  The  progress  of  this  nitrification  was 
most  interestingly  shown  in  the  successive  samples  of  drainage  water 
examined  during  the  period.1 

It  seems  probable,  then,  that  the  greater  part  of  the  nitrates  found 
in  the  first  and  second  depths  in  1  SSI  was  due  to  nitrification  occurring 
subsequent  ly  to  harvest . 

In  L893 there  had  been  a  spring  and  summer  drought,  most  unfavor- 
able for  early  nit  rilicat  ion.  I  Jet  ween  harvest  and  soil  sampling  there 
was,  however,  as  we  have  seen  when  discussing  the  1 893  results,  4£ 
inches  of  rain,  and  three-fourths  inch  more  during  the  time  of 
sampling,  with  the  result  that  much  of  the  nitrates  existing  unused  at 
harvest  must  have  been  washed  into  the  second  depth.    But  the  wash- 

1  Professor  Warington's  Lectures,  U.  S.  Dept.  Agr..  Office  of  Experiment  Stations 
Bui.  8,  p.  85. 
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i  11  tz,*  downward  of  the  nitrates  could  not  have  occurred  to  anything 
like  so  great  an  extent  as  in  1881.  On  the  other  hand,  the  moisture 
after  harvest,  as  in  1881,  must  have  aided  aufeumn  nitrification,  though 
not  to  so  great  an  extent. 

The  result  of  the  difference  between  the  two  seasons  is  that,  on  the 
whole,  Ave  find  in  October,  in  1893,  a  much  larger  quantity  of  nitrates 
than  in  the  same  month  in  1881.  For  example,  if  we  take  the  con- 
tinuously dunged  plat,  2b,  we  find  in  the  three  depths  (27  inches) 
about  68  pounds  of  nitric  nitrogen  per  acre  in  1893,  as  against  about 
51  pounds  in  1881.  So,  also,  in  the  rape-cake  plat  we  find  over  60 
pounds  per  acre  in  1893  and  only  about  34  pounds  in  1881.  On  the 
unmanured  plats,  3  and  4,  and  on  plat  5,  which  is  manured  with  min- 
erals only,  we  find  but  little  difference,  the  production  of  nitrates  on 
these  plats  being,  it  will  be  remembered,  at  a  minimum,  there  being 
no  manurial  nitrogen  to  yield  nitrates,  but  only  the  natural-soil  nitro- 
gen reenforced  by  meager  crop  residues.  It  may  be  noticed,  however, 
that  while  plats  3  and  1,  under  the  conditions  of  the  1893  season, 
showed  in  27  inches  only  about  the  same  quantity  of  nitric  nitrogen  as 
plat  5,  yet  the  last  named  plat  in  1881  showed  considerably  more  than 
the  two  unmanured  plats,  indicating,  in  the  more  favorable  nitrifying 
conditions,  the  effects  of  its  greater  stock  of  crop  residues  owing  to 
its  greater  average  fertility. 

Plats  9a  and  9b  receive  sodium  nitrate  yearly — in  the  case  of  9a 
with  full  minerals  in  addition,  but  in  the  case  of  9b  without  them. 
In  1881  the  quantity  of  sodium  nitrate  applied  was  550  pounds  per 
acre  per  an  mini,  but  in  1893  it  was  only  275  pounds.  Nevertheless, 
in  1881,  after  the  heavy  rain,  the  total  quantity  of  nitric  nitrogen 
found  on  both  plats  down  to  27  inches  was  less  than  in  1893  after  the 
much  Lighter  dressing.  In  both  years,  however,  we  find  that  in  the 
second  and  third  depths  the  quantity  of  nitrate  left  is  much  less  on 
plat  9a,  which  receives  mineral  dressings  and  gives  larger  crops,  than 
on  plat  9b,  which,  gelling  the  same  quantity  of  sodium  nitrate  but  no 
minerals,  gives  a  smaller  annual  produce. 

Plats  L0,  11,  12,  L3,  and  14,  all  dressed  alike  in  both  years  with 
ammonium  salts,  with  and  without  various  mineral  additions,  all 
showed  in  the  total  27  inches  much  less  nitric  nitrogen  in  L881  than  in 
L893,  again  indicating  that  the  washing  down  of  the  nitrates  formed 
from  the  ammonium  salts  was  in  1SS1  much  more  complete  than  in 
the  season  of  IS!):}. 

A  very  marked  difference  will  be  noticed  in  the  nitrogen  found  at  the 
two  different  periods  on  plat  16.  Plat  16,  in  27  inches,  showed  only 
30  pounds  of  nitric  nitrogen  per  acre  per  annum  in  1881,  as  against 
77  pounds  in  L893;  hut  in  L881  this  plat  was,  and  had  been  for  nine- 
teen years,  unmanured,  while  in  1 893  it  had  for  ten  years  been  receiv- 
ing a  full  mineral  dressing,  including  550  pounds  per  acre  per  annum 
of  sodium  nitrate.    The  difference  is  mainly  shown  in  the  second  and 

t  hird  depl  lis. 
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The  chlorin  was  not  determined  in  L865,  but  was  determined  by 
Professor  Warington  in  the  samples  of  the  first,  second,  and  third 
depths  collected  in  1881,  and  the  results,  which  have  not  been  pre- 
viously published,  arc  shown  in  the  following  table,  side  by  side  with 
those  of  the  1893  samples: 


Tabli  71.—! Broadbaik  wheat  soils,  1S81  and  1893— Chlorin  stated  as  parts 
pt  r  million  of  fine  drij  soil  and  its  j>o<t  nds  per  Here,  in  samj)h's  colla  ted  in  Octo- 
ber, 1881,  and  October,  ISU.j. 


First  it  inches. 

Second  9  tnchea 

Third  9  inches. 

Plat. 

1881. 

1893. 

1S81. 

1893. 

1881. 

1893. 

u 

m  . 
&d 
o 

x5 
p 

u 

& 
1 

h 

P 

| 
IS 

£ 

'ia 

u 

6 

<r.  i 
-  C 

u 

si 

u 

I 
r  ~ 

JL 

u 

$  • 

h 

/.  ZZ 
*-  .~ 

u 

%. 

\  b 
5  5 

o 

£ 

u 

H 

j. 

3  3 

u 

&. 
co  © 

1 

2a 
8b 

! 

K 

8 

H 

9b 
10a 
LOb 
i; 
18 

u 
It 

u 

16 
17 
18 
If 

9.77 
14. 74 
;i.;h» 
3.  88 
8.88 

6  M 

1  61 
tl  72 

2  47 

0  68 

1  H 

3.  40 
L88 
.").  2."> 
8  88 
2.8* 

2  57 
2.  40 
l.ltn 
1.68 

84.88 
:u.4i> 

10.  U 
8. 50 
16. 49 
14.91 
14.88 
12  ;:5 

1  87 
t;.  4it 
17.84 
8  7.5 
it  11:, 
11.20 
1:;  61 

it  '.HI 

7.47 
0.00 

o.  88 
1(1.37 

1 1 .  oo 

9.80 

ia  i't 

8  B8 
8.  B8 
7  m 
in.  11 
10.06 
18. 10 
8. 37 
7.2(1 
11  its 
11.08 
it  88 
10.  95 
lti.  till 
18.04 

11  ;4 

7.  is 

18!  82 
7.46 

26.18 

30.04 
16.  !H 
i  s  85 
80.64 
27.(H 
86. 85 
84.98 
22.  86 

lit  23 
88.00 
89.  ii<t 
86.88 
2!».  25 
14.84 
84.88 
81.36 
lit  18 
80. 7(t 
86. 58 
19.  93 

8.01 
5. 57 
in:, 
5. 23 
4.% 
0.2(1 
7.  75 
it  2s 
5  88 
7.88 
8.71 
9.  41 
8.31 
8.89 
8.30 
10.43 
13.81 
7.12 
7.76 
9. 13 
12.45 

22. 30 
15. 55 
11.31 
14.00 
13.  85 
17.31 
81.68 
85.91 
10.41 
22.00 
24.31 
20. 37 
88.80 
84.88 
23.17 
29. 12 
37.24 
19.88 
21.66 
25.49 
34.75 

5  27 
:t  SB 

3.  4'.» 
8  80 

3  M 

0.00 

i  M 

4.  88 
l  si 

5.  23 
it.  58 
\  56 
it  j;t 

4  TO 
it. 73 

7  ,88 
7.  55 

8  10 
8  IB 
3  i:i 

12.68 
8.  »"> 
ji.dfi 

8.50 
9.44 
18  66 
12.08 
12.66 
12  47 
18  66 
24.  Tit 

80.85 
84: 60 
12  lit 
85. 88 
2<).  30 
19.00 
81.00 
16.86 
B  88 

it  4:1 

5.  2it 
5.11 
it  88 
18  v. 
is  11 
80.  18 
1111 
lu  80 
22  4:! 
81.55 
13. 24 
16.88 
12.22 
15  B8 
11.27 
5.  77 
0.  7."> 
l'.t.;;, 
.-).  BB 

85.  I't 
1».  18 
18.66 
84.74 
88.02 
18.88 
BL  I  ". 
88  88 
2it.  12 
58  B8 
Ki  51 

86.  :i; 
18  88 
88.64 
U  86 
80.11 

w.  u 

18.(« 
52.  70 
14.29 

7  17 
ii.  88 
3  :i7 
10.88 
18.87 
16.78 
88.06 
12.96 
10.  »s 
80.98 

lit.  (Mi 

18.86 
...»  -,, 

18  88 

is.  Ilil 

10.89 

80.08 
lit  32 
11.08 
80  2i t 
37.(4 
13.  ss 
92. 29 
86.  is 
89.  25 
68.  48 
54.88 
37.  29 
63.00 
61.  14 
50.50 
38.00 

8. 18 
18.39 
5.44 

22.  83 
51.34 
15.  lit 

Sl'MMARY  F1KST,  SECOND.  AND  THIRD  DEPTHS  .  2i  INCHES) 


Plat 


itl  i 
10a 
lilb 

II 

12 
13 
14 
15 
Ki 
17 
18 
19 


Annual  manuring. 


Farmyard  manure  since  1884  

Farmyard  manure  50  years  

Unmanured  

Unmanured  since  1858   

Pull  minerals   

Poll  minerals  and  ammonium  salts  

 do  

 do  

r\ill  minerals  and  sodium  nitrate  

Sodium  nitrate  only  

Ammonium  salts  fno  minerals  since  1S44)  

Ammonium  salts  (no  minerals  since  1850)  

Phosphates  and  ammonium  salts  

Phosphates,  sodium,  and  ammonium  salts  

Phosphates,  potassium,  and  ammonium  salts     

Phosphates,  magnesium,  and  ammonium  salts   

Full  minerals  and  ammonium  salts  (autumn)   

Full  minerals  and  sodium  nitrate  since  1884   

(Full  minerals  and  ammonium  salts  transposed  in  alternate 
J  years  

Rape  cake  


Nitrogen 

in  ma- 
nure per 
acre  per 
annum. 

1881. 

1893. 

I'o  Hit  lis. 

Pounds. 

Pounds. 

200 

73.06 

200 

57.84 

85.99 

0 

41.90 

38.33 

0 

33.  78 

41.35 

0 

63.50 

50.88 

43 

79.50 

59.23 

86 

107. 82 

62.84 

129 

185.77 

73.63 

43 

78.51 

40.64 

43 

70.  84 

47.63 

86 

131.91 

73.65 

86 

137. 24 

59.60 

86 

93. 01 

58.64 

86 

130.  '.ill 

65.27 

86 

95. 97 

81.12 

86 

117.99 

73. 85 

86 

79.  41 

76.07 

86 

45.72 

/     61. 86 

48.74 

}  86 

\  120.98 

71.44 

93 

38. 36 

00.34 
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It  will  be  remembered  that,  of  the  ammonium  sails  used  a1  Rotham- 
sted,  one-half  of  each  application  consists  of  ammonium  chloric!;  and 
that,  on  the  plats  so  dressed,  the  quantity  of  chlorin  found,  in  excess 
of  that  on  the  unmanured  plats,  was  in  1893  very  fairty  proportional 
to  the  quantity  added  in  the  ammonium  salts. 

It  will  also  be  remembered  that,  when  the  1893  chlorin  results  were 
discussed,  the  curious  fact  was  pointed  out  that  when  the  soils  and 
subsoils  were  examined  to  as  far  down  as  ten  successive  depths  of 
9  inches  each  it  was  found  that  each  plat  contained  a  quantity  of 
chlorin  equivalent  to  that  applied  in  one  year's  manurial  dressing, 
pins  the  average  chlorin  of  ten  years'  rainfall — an  average  year's 
rainfall  at  Rothamsted  containing  14.75  pounds  of  chlorin  per  acre. 
Notwithstanding  the  constant  percolation  of  rainfall,  each  9  inches  of 
subsoil  is  still  found  to  contain,  even  when  no  chlorin  is  applied  in 
manure,  about  15  pounds  of  chlorin  per  acre,  according  to  the  results 
obtained  in  the  analyses  of  the  1893  samples. 

In  comparing  the  1881  and  1893  results,  taking  in  the  aggregate 
the  three  depths  down  to  27  inches,  we  find  very  little  difference  on 
the  unmanured  plats,  3  and  4.  Plat  5  in  1881,  as  in  1893,  was  found  to 
contain  more  chlorin  than  the  unmanured  plats,  although  not  more 
than  a  few  pounds  per  acre  per  annum  are  applied  to  it  as  impurities 
in  the  mineral  fertilizers  used. 

On  plats  6,  7,  and  8  we  find  in  1881,  as  in  1893,  a  successive  increase 
in  chlorin  as  the  quantity  of  ammonium  salts  grows  successively 
larger;  and  the  other  results  are  for  the  most  part  fairly  consistent. 
It  is  noticeable,  however,  throughout  the  ammonium-dressed  plats, 
thai  notwithstanding  the  very  much  greater  rainfall  in  the  summer 
and  autumn  of  1881,  the  quantity  of  chlorids  in  these  plats  was  found 
in  October  to  be  uniformly  greater  in  1881  than  in  1893.  As  we  have 
already  seen,  it  is  highly  improbable  that  any  tangible  quantity  of 
actual  ammonium  salts  was  left  in  the  soil  in  the  autumn  of  1881,  and 
the  chlorin  added  in  the  form  of  ammonium  salts  must  by  that  time 
have  existed  in  mineral  combination  with  calcium,  magnesium,  or  other 
bases  in  1  lie  soil.  The  quantity  of  chlorin  present  in  1881  as  com- 
pared with  that  found  in  1893  was  not  only  greater  when  the  27  inches 
were  considered,  bul  was  even  much  greater  in  the  surface  soil  than 
in  the  corresponding  soils  of  1893,  as  well  as  being,  as  a  rule,  much 
higher  in  t  he  second  ami  t  hird  depl  hs.  In  fact,  if  we  deduct  the  yield 
of  the  unmanured  plats,  we  find  thai  as  a  rule  the  quantity  of  what 
may  be  called  manurial  chlorin  found  in  the  firsl  27  inches  of  soil  and 
subsoil  in  1881  was  two  or  three  times  as  great  as  in  1893.  It  would 
seem  that,  in  1  ssi  chlorids  which  must  have  been  initially  washed 
farther  down  had,  by  a  process  of  upward  diffusion,  readjusted  them- 
selves in  the  soil  water  under  the  influence  of  the  evaporation  pro] 
duced  by  early  aut umnal  heat. 
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PHOSPHORIC  ACID  (18G5,  1881,  AND  1893  RESULTS  compared). 

The  results  of  the  phosphoric  acid  determinations  made  in  the  1893 
samples  have  been  already  discussed  (see  p.  (»s).  It  now  only  remains 
to  examine,  for  the  purpose  of  comparison,  the  results  obtained  in  the 
analyses  of  the  two  earlier  sets  of  samples.  The  complete  results  are 
shown  in  the  following  table: 

Table  79. — Broadbatk  wheat  Both—Sampta  ooUeoted  in  iS6S,  issiy  and  1893— 
Phosphoric- acid  de&  l  imitations. 

FIRST  !•  INCHES  OF  SOIL. 


Dissolved  by  strong  hydrochloric  <>r  nitric    Dissolved  by  1  per  rent  solution  of  eitrie 
acid,  acid. 


1*65. 

1*81. 

1X93. 

1865. 

1881.  1893. 

Per 
(•••iit 

Pounds 
per 
acre 

P.r 
cent. 

Pounds 
per 
acre 

Per 
cent. 

Pounds 
!>er 
acre. 

Per 
cent. 

Pounds 
per 
acre. 

Per 

CeUt. 

Pounds 
per 
acre. 

Per 

cent. 

Pounds 
per 
acre. 

Plat  3 
Plat  4 

0. 140 

3,630 

(1.131 

3.396 

II.  114 

.  120 
.123 

.  128 

19.-, 

801 
.204 
.2111 
.  197 
.219 
.  16.1 
.215 

:.*.  956 
3.  Ill 
3. 189 

3.  267 
8,088 
8,818 

5.211 
5. 1(17 
8,878 

4.  142 

8,018 

LOOM 

244 

L0O74 

192 

1. 0078 

0100 
0074 
0074 
.0547 
0434 
.0448 
.0413 
.oio:, 
.0642 
.0321 
.0560 

202 
259 
192 
192 
1.418 
1.125 
1.146 
1.071 
1,050 
1.665 
806 

1,807 

Plat  LOi 
Plat  10b 
Plat  7 
Plat  13 
Plat  14 
Plat  12. 
Plat  11 

.146 

::::::: 

3.  m 



.  122 

,5b 

8,22] 
3.37H 

(11(16 

275 

0088 
.0088 

176 

239 

.174 

.  1TB 

.183 
.177 

4.  :.ll 
4,616 
1,744 
I 

.  199 
.  189 
.2<KI 

.184 

189 

1. 1M« » 

5.  185 

4.77(1 

.11261 

.0257 
0888 

(1259 

677 

828 

695 
672 

.0888 

.it  564 

0886 
.0329 

993 
944 
1.001 

S53 

Plat  2a 
Plat  2b 

.189 

1,886 

.  194 

1.648 

.0288 

880 

.0278 

891 

SECOND  9  INCHES  OF  SOIL. 

Plat  3 
Plat  » 

n.  HI 

3,099 

0.093 

8,  HM 

0.  113 
.  li 0 
.111 

•  128 
.088 
In:, 
Ill 
.088 
.  !<>* 
.  Hi7 
.1195 
.111 

3.U19 

2.  K32 
2.  965 
3.286 
2.297 
2.805 
8,966 
8,618 

2.  885 

2.  .>{8 
2.965 

ii  0088 

78 

8.0020 

- 

0.0041 

.0024 
.003] 
.0048 
.0038 
.0027 
.0023 
.0086 
.0028 
.0052 
.0052 
.0094 

110 

64 
83 
115 
102 
72 
61 
94 
75 
139 
139 
251 

Plat  Hht 
Plat  10b 
Plat  ; 
Plat  13 
Plat  1 1 
Plat  12 
Plat  11 
Plat  5 

.  128 

3.41H 

.  mi 

.113 

2.698 
3.019 

.0031 

83 

.0018 
.0029 

00 1"  9 

.0016 
.0020 
.0017 

48 

75 

""a 

43 
53 
45 

'.odea 

.0024 
.0019 
.6028 

88 

64 

51 
59 

111 

.118 
.112 
.  nr, 

8,988 
3.  152 
2. 998 
1,921 

.1(18 

.  LOfi 
.112 
.107 

8,808 
2.  992 
2.  S5X 

Plat  2a 
Plat  8b.. 

.  128 

3,  306 

.111 

8,988 

.0044 

118 

.0063 

83 

THIRD  9  INCHES  OF  SOIL. 

Plat  3. 
Plat  4 

0.092 

2,568 

0.090 

2,512 

inn: 
097 

2,708 
2.708 
2.931 
3.  ((99 

2.  ink; 

2.261 

3.  154 
2. 889 
2.54(1 
8, 126 
2.345 
2.317 

0.0012 

.U 

0.0012 

34 

0.0C21 
.0017 
.0018 
.0021 
.  0030 
.0016 
.0023 
.0020 
.0017 
.0036 
.0028 
.0034 

59 
48 
50 
59 
84 
45 
64 
56 
48 
101 
78 
95 

Plat  U  la 
Plat  lnb 
Plat  7 

.111 

3.099 

.090 
.104 

2.512 
2.  IK  13 

.  105 
.111 
H74 
.081 
.113 
.088 

.on 

.112 
.(184 

.083 

.0014 

39 

.0013 
.0012 

30 
34 

Plat  13 
Plat  14 
Plat  12. 
Plat  11 

.093 
121 

\m 

.1198 

8, 598 
3,878 
2.87:. 

2.  786 

os7 

.104 

.083 
.090 

8i  129 
8,908 
2.  429 
8,080 

.0012 
.0017 
.0014 
.0017 

:14 

48 
39 
48 

.0010 
(Mill 

.0012 
.0012 

28 
31 
34 
34 

Plat  2a 



Plat  8b. 

.103 

2, 975 

.082 

2,289 

.0015  ,  42 

.0017 

48 

Seeing  that  these  results  are  fully  discussed  in  the  recent  paper 
presented  to  the  Royal  Society,  referred  to  on  p.  Ill,  we  may  here 
confine  ourselves  toa  brief  examination  of  the  principal  facts  brought 
out  l>y  i he  eomparal  ive  figures. 


136 


INVESTIGATIONS  ON  KOTHAMSTED  SOILS. 


As  far  as  the  total' phosphoric  acid  is  concerned,  it  is  sufficient  to 
compare  the  first  9  inches  of  soil,  the  irregularities  in  the  second  and 
third  depths  being  such  as  in  many  cases  to  overwhelm  altogether 
such  differences  as  would  be  due  to  the  effects  of  manuring  and  crop- 
ping. In  the  case  of  the  citric-acid  results,  the  second  and  third 
depths  in  some  instances  afford  an  interesting  subject  for  comparison. 

Beginning  with  plat  3,  which,  it  will  be  remembered,  is  continuously 
unmanured,  we  see  from  period  to  period,  as  indicated  by  the  analy- 
ses of  the  1865,  1881,  and  1893  samples,  a  steady  decrease  in  the  total 
phosphoric  acid.  The  same  thing  is  seen  in  plat  10a,  which  receives 
only  ammonium  salts  without  minerals. 

Plats  11,  12,  13,  and  14  all  show  the  progressive  increase  in  total 
phosphoric  acid  due  to  the  accumulation  of  residues  of  unused  phos- 
phatic  manure,  and  the  dunged  plat,  2b,  also  shows  a  steady  increase 
in  total  phosphoric  acid  from  period  to  period. 

When  we  regard  the  citric-acid-soluble  phosphoric  acid,  we  must 
bear  in  mind  that  the  samples  of  1865  and  1881  were  not  examined 
immediately  after  collection,  but  only  in  1893,  when  they  were,  respec- 
tively, twenty-eight  and  twelve  years  old ;  and  it  is  not  certain  whether 
the  citric-acid-soluble  phosphoric  acid  may  not  have  undergone  some 
modification  during  that  time  notwithstanding  the  fact  that  the  sam- 
ples were  stored  in  an  approximately  dry  state.  Nevertheless  they 
afford  features  of  considerable  interest  and  on  the  whole  agree  excel- 
lently with  the  history  of  the  various  plats  represented. 

In  the  case  of  the  unmanured  plat  the  citric-acid-soluble  phosphoric 
acid  decreased  appreciably  between  1865  and  1881,  but  does  not  appear 
to  have  decreased  since.  The  same  thing  is  to  be  noticed  in  the  case 
of  plat  10a,  which  receives  only  ammonium  salts.  In  fact,  in  both 
these  instances  there  appears,  if  anything,  to  be  a  slight  increase 
be1  ween  1881  and  1893,  and  it  would  appear  as  though  the  quantity  of 
citric-acid-soluble  phosphoric  acid  in  the  surface  soils  of  these  plats 
had  become  reduced  to  a  sort  of  natural  level,  at  which  the  decompo- 
sii  ion  oi*  crop  residue  and  other  influences  producing  readily  available 
phosphoric  acid  from  the  natural  resources  of  the  soil  approximately 
balance  the  annual  quantity  removed  in  crops. 

In  the  case  of  plats  10a  and  10b,  the  effect  of  the  early  mineral 
dressings  on  plal  LOb  seems  to  be  clearly  apparent  in  the  1881  samples. 

The  gradual  accumulation  of  mammal  phosphoric  acid  during  the 
three  periods  on  plats  11-11  is  very  strikingly  seen  in  the  citric-acid 
figures  for  these  various  plats,  and  this  is  also  the  case  with  the  dunged 
plat,  2b. 

When  we  come  to  the  upper  subsoil  or  second  9  inches  we  find  in 
the  unmanured  plal  (3)  and  the  ammonium-salts  plat  (10a)  a  diminu- 
tion in  citrie-aeid-soluble  phosphoric  acid  between  1865  and  1881,  and 
then  w  hat  appears  to  be  a  distinct  reenfqrcement  between  1881  and 
L893,  suggesting  that  possibly  as  the  surface  soil  has  grown  more 
exhausted  the  roots  Of  the  wheal  have  taken  to  deeper  growth  to  seek 
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mineral  food,  and  have  thus  left  more  root  residue  in  the  subsoil  in 
the  later  years,  the  decay  of  which  would  show  an  increased  quantity 
of  phosphoric  acid  in  an  easily  soluble  form. 

The  same  thing  is  to  be  noticed  in  the  third  9  inches. 

Id  connection  with  the  1893  results,  the  solvent  action  of  alkaline 
sails  on  the  phosphates  of  the  subsoil  was  pointed  out.  This  was  most 
strikingly  brought  out  on  plats  5  and  7.  Unfortunately,  we  have  no 
analyses  representing  these  plats  in  the  earlier  years,  but  we  have  the 
series  of  plats,  11,  1l\  13,  and  14,  all  receiving  ammonium  salts  and 
phosphates,  plat  11  without  any  alkaline  salts,  and  plats  12,  13,  and 
1  1  with  sodium,  potassium,  and  magnesium  salts,  respectively.  In 
most  rases  we  find  thai  in  ilie  second  and  third  depths  there  is  not 
very  much  difference  between  the  samples  of  L865  and  those  of  1881, 

but  there  appears  to  be  distinct  evidence  of  accumulation  in  both  the 
second  and  third  depths  between  ls.M  and  ls<*  3,  owing  to  descent  of 
mineral  phosphates. 

To  >ho\\  how  the  results  for  the  three  periods  compare  quantita- 
tively with  1  he  estimated  addil  ions  and  removals  to  and  from  the  soil, 
I  may  here  give  a  table  taken  from  the  Royal  Society  paper  on  the 
subject,  showing  how  the  excess  or  deficiency  both  of  total  and  of 
citric-acid-soluble  phosphoric  acid,  as  against  the  unmanured  plat 
(plat  •')),  compares  with  the  expected  excess  per  acre  on  each  plat 
calculated  from  the  known  add  it  ions  and  removals  of  phosphoric  acid 
to  and  from  the  soil.    These  data  are  given  for  the  three  periods  of 

twenty-two  years,  thirty-eight  years,  and  fifty  years,  respectively; 

Table  IZ.—Broudbalk  wheat  soils— Sttmplrs  vollecteil  in  ISM.  issi,  and  IS'jS. 
[Plats  7,  13,  1 1.  1-*,  11,  and  5.] 


After  22  years 

(1844 

1885): 

put  IS   

Plat  14  

Plat  12  

Plat  11  

After  38  years 

U844- 

ls.M  i: 

PlatU  

Plat  12  

Plat.  11  

After  50  years 

(1814- 

1898): 

Plat  7  

Plat  13  

PlatU  

Plat  12 
Plat  11 
Plat  5 . 


Estimated 

excess  of 
phosphoric 
acid  over 
plat calcu- 
lateil  from 
known  addi- 
tions and 
removals. 

Excess  of 
total  phos- 
phoric acid 

Excess  i  +)  or  deficiency  (  — )  of  phosphoric 
acid  soluble  in  1  per  cent  citric-acid  solu- 
tion, as  compared  with  plat  3. 

over  plat  3, 
found  by 
analysis  in 
first  9*  inches 
of  soil. 

First  9 
inches. 

Second  9 
inches. 

Third  9 

inches. 

Whole  27 
inches. 



Lbs.  per 
acre. 
Lift] 
1.198 
1,1ft] 
1.175 

Lbs.  per 
acre. 

881 
it-:, 

1.  114 

959 

Lbs.  per 
acre. 
+  433 
+  423 
+  451 
+  428 

Lbs.  per 
acre. 
-19 
-13 

-19 

Lbs.  per 
acre. 

0 

+14 
+  6 
+  14 

Lbs.  per 
acre. 
+  414 
+  424 
+  430 
+  423 

1,986 
2.1(45 
8,019 
2.081 

1,763 
1,604 
1.789 
1.374 

+  801 
-  7."^' 

!  SOU 
+  661 

-  3 
-11 

0 

-  8 

-  6 

-  3 
0 
0 

+  792 
+  738 
+  809 
+  653 

2.  452 
8,687 
8,867 
2.651 
2.  75!) 
3.049 

2. 100 
2,359 
8,838 
8,866 
2, 151 
2.  72.' 

+  1.216 
+  923 
+  944 
+  869 
+  848 
+1,462 

-  8 
-37 
-48 
-16 
-35 
+29 

+25 
-14 
+  6 
-  3 
-11 
+42 

+1,233 
+  872 
+  902 
+  850 
+  802 
+1,533 

The  descent  in  the  continuously  dunged  plat,  2b,  is  strongly  brought 
out  in  botli  the  second  and  third  depths  when  either  the  1805  or  the 
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1881  results  are  compared  with  those  of  1893,  though  in  the  second 
depth  the  difference  between  the  figures  for  1865  and  1881  is  not  in 
the  direction  that  would  be  expected. 

POTASH  (1865,  1881,  AND  1893  RESULTS  COMPARED). 

We  may  now  in  the  same  way  briefly  examine  the  potash  results 
for  the  samples  of  the  three  periods.  These  are  recorded  in  the  fol- 
lowing table : 


Table  74. — Soils  from  Broadbalk  wheat  field,  Rothamsted— Samples  collected  in 
1865, 1881,  and  1893— Potash  determinations. 

FIRST  9  INCHES  OF  SOIL. 


Dissolved  by  strong  hydrochloric  acid. 

Dissolved  by  1  per  cent  solution  of  citric 
acid. 

1865. 

1881. 

1893. 

1865. 

1881. 

1893. 

Per 
cent. 

Pounds 
per 
acre. 

Per 
cent. 

Pounds 
per 
acre. 

Per 
cent. 

Pounds 
per 
acre. 

Per 
cent. 

Pounds 
per 
acre. 

Per 
cent. 

Pounds 
per 
acre. 

Per 
cent. 

Pounds 
per 
acre. 

Plat  3  .. 
Plat  4 

0.191 

4,952 

0.226 

5,859 

0.220 
.219 
.240 
.234 
.197 
.223 
.240 
.273 
.262 
.279 
.285 
.277 

5, 704 
5.678 
6,222 
6,067 
5.107 
5, 782 
0,222 
7.078 
6.793 
7.233 
6,652 
6.953 

0.0040 

104 

0.0032 



83 

0.0032 
.0052 
.0032 
.0040 
.0032 
.0040 
.0024 
.0188 
.0232 
.0308 
.0384 
.0330 

83 
1&5 

83 
104 

83 
104 

62 
487 
602 
799 
896 
828 

Plat  lUa. 
Plat  10b. 
Plat  11.. 
Plat  12- 
Plat  14., 
Plat  13.. 
Plat  7 

.  226 

"  "."228 
.232 
.244 
.269 

5,859 

"  5."9li" 
6,015 
6,326 
6,974 

.224 
.244 
.243 
.234 
.251 
.290 

5,807 
6,326 
6,300 
6,067 
6,507 
7,519 

.0040 

".0036" 
.0060 
.0036 
.0200 

104 

93" 
156 

93 
519 

.0020 
.0032 
.0020 
.0060 
.0044 
.0228 

52 
83 
52 
156 
114 
591 

Plat  5 

Plat  2b.. 
Plat  2a 

.273 

6,767 

.259 

6,206 

.0300 

744 

.0284 

681 

SECOND  9  INCHES  OF  SOIL. 

Plat  3... 
Plat  4 

0.336 

8,976 

0.407 

10,872 

0.335 
.414 
.394 
.359 
.367 
.371 
-.404 
.379 
.361 
.410 
.318 
.398 

8,949 
11.059 
10.525 
9,590 
9,537 
9,911 
10,792 
10, 124 
9,643 
10,952 
8. 495 
10,632 

0.0028 

75 

0.0044 

118 

0.0060 
.0060 
.0032 
.0052 
.0028 
.0040 
.0048 
.0136 
.0140 
.0224 
.0276 
.0168 

160 
160 

86 
139 

75 
107 
128 
363 
374 
598 
737 
449 

Plat  10a. 
Plat  10b. 
Plat  11  . 
Plat  12.. 
Plat  14- 
Plat  13.. 
Plat  7 

.360 

9,617 

.336 
.374 
.409 
.390 
.403 
.446 

8.976 
9.991 
10,926 
10, 418 
10, 765 
11,914 

.0048 

128 

.0024 
.0028 
.0024 
.0028 
.0040 
.0128 

64 
75 
64 
75 
107 
342 

.472 
.384 
.491 
.382 

12.609 
10,258 
13, 116 
10,204 

.0052 
.0040 
.0052 
.0120 

139 
107 
139 
321 

Plat  5 

Plat  2b.. 
Plat  2a 

.334 

8,922 

.366 

9, 777 

.0140 

374 

.0176 

470 

THIRD  9  INCHES  OF  SOIL. 

Plat  3... 
Plat  4 

0.459 

12,813 

0.466 

13,008 

0. 495 
.507 
.533 
.507 
.459 
.488 
.408 

.433 

.  459 
.472 
.415 
.499 

13,818 
14, 153 
L4,879 
14, 153 
12,813 
13, 023 
11,389 
18,087 
12,818 
18,  L76 
1 1 . 5X5 
13.930 

0. 0032 

89 

0.0040 

112 

0. 0072 
.0044 
.0048 
.0036 
.0036 
.0088 
.0052 
i  m  164 

.0064 
.0092 
.0128 
.0096 

201 
123 
134 
101 

101 

101 
145 

235 
179 
257 
357 
268 

Plat  10a 
Plat  10b. 
Plat  11. 
Plat  12 
Pint  14 
Plat  13 
Plat  7 

.511 

""."489" 
.  450 
.640 
.458 

14,265 

13^660" 
12,729 
15, 074 
12.786 

.475 
.  409 
.  452 
.006 
.646 
.  408 

13,260 
13,092 
12,618 
14,007 
15.242 
13, 762 

.0044 

123 

.0028 
.O02S 
.0028 
.0028 
.0050 
.0032 

78 
78 
78 
78 
156 
89 

.1X130 
.0048 

.0040 
.0044 

101 
134 
112 
123 

Pint  2b 
Pint  2n 

.410 

11,445 

.532 

14,861 

.0040 

112 

.0052 

145 

With  regard  i<>  the  hydrocWoric-acid-soluble  potash  little  need  be 
added  to  what  has  already  been  said  in  discussing  the  1893  results. 
Such  a  met  hod  of  analysis  docs  not  serve  to  give  consistent  compara- 
tive results,    i  therefore  now  direct  attention  simply  to  the  citric-acid 


figures. 
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In  the  ease  of  t  he  unmanured  plat  il  would  appear  that  in  1805, 
After  over  twenty  years  of  unmanured  cropping,  the  available  potash 
hail  already  been  reduced  to  a  low  ebb,  and  that  in  the  sin  face  soil  it 
lias  since  fallen  still  lower,  though  in  the  second  and  third  depths 
it  would  seem  to  have  increased. 

This  decrease  to  a  practically  stationary  poinl  in  the  surface  soil, 
accompanied  by  an  increase  in  the  Lower  depths,  was  also  not  iced  in 
the  ease  of  the  phosphoric  acid,  but  the  increase,  especially  in  the 
third  depth,  is  more  marked  in  the  ease  of  the  potash.  It  has  already 
been  surest  ed  that  this  may  to  SOine  extent  be  attributable  to  the 
deeper  extension  of  root  growth  as  the  surface  soil  has  become  poorer 
and  to  the  accumulation  Of  root  remains  thus  formed. 

In  the  case  of  plats  and  10b,  receiving  ammonium  salts  only, 
we  find  that  the  very  early  dressings  of  minerals  (which  included  300 
pounds  of  potash  per  acre),  applied  in  L848  and  L850  1<>  plat  10b, 
seemed  to  show  in  L881, as  in  18!»3,  an  appreciable  effect  on  the  citric- 
acid-soluble  potash,  both  in  the  lirst  and  second  depths.  Plat  10a 
seems  to  have  reached  in  l s(.»:i  t  he  same  Level  of  available  potash  as 
the  unmanured  plat  after  a  diminution  between  L865  and  L881.  Asa 
matter  of  fact,  in  I860  plat  L0a  was  showing  Little  indication  of  potash 
exhaustion,  for  in  1866  its  crop  yielded  pounds  of  potash  per  acre, 
while  thai  of  plat  3  contained  but  L6  pounds  of  potash  per  acre.  It 
is  possible  that  the  ammonium  salts  acted  as  solvents  on  the  soil  pot- 
ash.    r>y  L881,  however,  plat   LOa  set  m>  1<»  have  become  appreciably 

poorer  in  potash  than  plat  :>  in  all  three  depths.  Bui  by  1893  there  is 
a  recovery  throughout  in  plal  LOa,  possibly  owing  to  the  greatly  dimin- 
ished out  put  of  crop  on  account  of  t  he  failure  of  phosphal  ic  food  and 
to  the  continued  solvent  action  of  the  ammonium  salts,  and  possibly 
(for  the  increase  is  mainly  in  the  subsoil)  partly  owing  to  the  effects 

of  deeper  root  development. 

On  plats  LI,  11',  and  14,  which  receive  ammonium  salts  and  phos- 
phates without  potash,  there  is  in  the  surface  soils  a  uniform  diminu- 
tion between  1805  and  isu:j.  and  in  two  of  the  three  cases  between 
1SS1  and  lS'.i:;.  If  we  compare  the  lSDo  and  1  S!»:j  figures  for  the  sec- 
ond depths  of  the  same  plats  we  also  see,  on  the  whole,  a  diminution. 

When  the  results  for  the  potash-manured  plat  (13)  are  examined 
the  effect  of  the  potash  salts  is  strikingly  seen  in  all  three  sets  of 
samples  not  only  in  the  first  depth  of  the  soil  but  also  in  the  second 
1)  inches.  In  the  third  9  inches  the  difference  is  clearly  apparent  only 
in  the  L893  samples. 

The  comparative  significance  of  the  results  obtained  in  the  samples 
drawn  at  the  end  of  each  of  the  three  periods  may  be  studied  in 
the  following  table,  which  I  also  quote  from  the  paper  presented  to  the 
Royal  Society. 

As  in  the  corresponding  phosphoric-acid  table,  the  estimated  excess 
Or  deficiency  of  potash  on  each  plat  is  obtained  by  taking- into  account 
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the  known  additions  of  manurial  potash  to  the  soil  and  the  quant  ity 
of  potash,  as  ascertained  by  analysis,  in  the  crops  removed  from  each 
plat. 

Table  75. — Broadbalk  wheat  soils — Samples  collected  in  1865,  1881,  and  1893. 


[Plats  11, 12,  13,  14,  7,  and  5.   Potash  per  acre  dissolved  by  1  per  cent  citric-acid  solution.] 
AFTER  TWENTY-TWO  YEARS  (1844-1865). 


Plat. 

Treatment  since  1851. 

Found. 

More  (+)  or  less 
than  plat  11. 

(-) 

Estimated 
excess  (  +  ) 

or  defi- 
ciency ( — ) 
compared 
with  plat 
11. 

First  9 
inches. 

Second  9 
inches. 

Third  9 
inches. 

27  inches. 

First  9 
inches. 

Second  9 
inches. 

Third  9 
inches. 

27  inches. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Pounds. 

11 

Nitrogen  and  phosphates  . . 

93 

139 

101 

333 

12 

Nitrogen  and  phosphates 

and  sodium  salts  (some 

potash  in  earlier  years) 

156 

107 

134 

397 

+  63 

-  32 

+  33 

+ 

64 

+  309 

14 

Nitrogen  and  phosphates 

and    magnesium  salts 

(some  potash  in  earlier 

years )  

93 

139 

112 

344 

0 

0 

+  11 

+ 

10 

+  219 

13 

Nitrogen  and  phosphates 

and  potassium  salts.  

519 

321 

123 

963 

+426 

+182 

+  22 

+ 

630 

+2,021 

AFTER  THIRTY-EIGHT  YEARS  (1844-1881). 


11 

12 

Nitrogen  and  phosphates  .- 

52 

64 

78 

194 

Nitrogen  and  phosphates 

and  sodium  salts  (some 

potash  in  earlier  years) 

156 

75 

309 

+  104 

+  11 

0 

+  115 

+  159 

14 

Nitrogen  and  phosphates 

and     magnesium  salts 

(some  potash  in  earlier 

years )   

114 

107 

156 

377 

+  62 

+  43 

+  78 

+  183 

+  54 

13 

Nitrogen  and  phosphates 

and  potassium  salts  

591 

342 

89 

1,022 

+539 

+278 

+  11 

+  828 

+3,222 

AFTER  FIFTY  YEARS  (1844-1893). 

11 

Nitrogen  and  phosphates  . . 

83 

75 

101 

259 

12 

Nitrogen  and  phosphates 

and  sodium  salts  (some 

potash  in  earlier  years)  . 

104 

"  107 

101 

312 

+  21 

+  32 

0 

+  53 

+  20 

14 

Nitrogen  and  phosphatec 

and     magnesium  salts 

(some  potash  in  earlier 

62 

128 

145 

335 

-  21 

+  53 

+  44 

+  76 

-  92 

13 

Nitrogen  and  phosphates 

and  potassium  salts  

487 

363 

235 

1,087 

+404 

+288 

+  134 

+  826 

+4,052 

Nitrogen  phosphates,  po- 

tassium,    sodium,  and 

magnesium  salts  

(502 

374 

179 

1,155 

+519 

+299 

+  78 

+  896 

+3, 062 

5 

Potassium,    sodium,  and 

magnesium  salts,  but  no 

nitrogen  

799 

598 

257 

1,654 

+716 

+523 

+  15(5 

+1,395 

+5,242 

In  the  case  of  the  continuously  dunged  plat  2b,  the  accumulation 
of  potash  from  period  to  period  is  not  at  all  indicated  by  the  hydro- 
chloric-acid results,  but  is  qualitatively  brought  out  very  clearly  in  a 
comparison  either  of  the  L865  and  L893  cit  ric-acid  results  or  of  those 
of  L881  and  L893,  particularly  if  the  second  and  third  depths  be  taken 
into  account.,  though  the  increase  between  IS(;5and  I  SSI  is  not  what 
would  have  been  expected.  Nevertheless  the  gradual  accumulation 
of  potash  in  the  t  wo  successive  depths  of  subsoil  by  downward  pereo- 
lation  is  clearly  seen  in  t  he  analyses  of  the  samples  representing  these 
two  depths  in  the  various  years. 


Section  IV. 

THE  HOOS  FIELD  BARLEY  SOILS. 
BRIEF  HISTORY. 


The  Boos  field  experiments  <>n  the  continuous  growth  of  barley 
were  very  fully  discussed  in  sir  Henry  Gilbert's  lectures  in  relation 
both  to  the  yield  of  crops  under  the  various  niannrial  conditions 
observed  ami  to  the  composition  of  the  crops. 

Fewer  and  less  complete  examinations  have  been  made  of  the  soils 

of  the  barley  field  than  of  those  of  the  w  heat  field,  bul  ii  is  desirable 
thai  the  results  should  be  chronicled  and  briefly  discussed,  if  only 
for  Comparison  with  those  of  the  wheat  soils. 

The  scheme  of  manuring  and  the  crop  results  up  to  the  t  ime  of  the 
last  analyses  of  the  Boils  tor  nitrogen  conlents  (IKS:!)  may  first  be 
recalled  to  yon  by  the  following  table,  condensed  from  the  Rotham- 
sted  Memoranda: 


Tabli  ?<>. — Hoot  field  oonHnuotu  barley  plcUs, 


Average  annual 
produce  per 
acre  (thirty 

years.  lS.->2  IsSl.) 

Grain. 

Straw. 

Husht'ls. 
171 
23 

w 

Cwt. 
10ft 

u# 

10} 

'•iii 

w 

m 

w 

25} 
19 

34* 

m 

in 

28 

21} 

29} 

36 

m 

47} 

20} 
26J 
22* 
29| 

43} 

24i 

45 

52£ 

52} 

26} 

25 

27} 

43* 

25 

• 

m 

O,  No  nitrogen 


A.  2W)  pounds  am- 
monium salts,  con- 
taining l'->  pounds 
nitrogen. 


A  A,  -';  ">  pounds  so 
dium  nitrate,  con- 
taining 43  pounds 
nitrogen. 


A  AS,  275  pounds  so- 
dium nitrate  and 
lim  pounds  sodium 
silicate. 


C,  1. 000  pounds  rape 
cake. 


Plat. 


Treat  mont. 


No  phosphates  or  potash,  etc  

:ij  hundredweight  superphosphate  

200  pounds  potassium  sulphate,  LOO  pounds  so- 
dium sulphate.  100  pounds  magnesium  sul- 
phate i  no  phosphates). 

3j  hundredweight  superphosphate,  together 
with  potassium,  sodium,  and  magnesium  salts, 
as  on  plat  3. 


Xo  phosphates  or  potash,  etc  

Superph'  isphate  as  on  plat  2  

Potassium,  sodium,  and  magnesium  salts,  as  on 
plat  3. 

Superphosphate  and  potassium,   sodium,  and 
magnesium  salts,  as  on  plat  4. 


No  phosphates  or  potash,  etc  

Superphosphate  

Potassium,  sodium,  and  magnesium  salts  

Superphosphate  and   potassium,  sodium,  and 
magnesium  salts. 


1  No  phosphates  or  potash,  etc  

2  Superphosphate  

3  Potassium,  sodium,  and  magnesium  salts 


nesium  salts. 

No  phosphates  or  potash,  etc.,  except  contained 

in  the  rape  cake. 

Superphosphate  

Potassium,  sodium,  and  magnesium  salts  

Superphosphate  and  potassium,  sodium,  and  : 

magnesium  salts. 

Farmyard  manure  for  twenty  years,  but  un- 

manured  since  1871. 
Farmyard  manure  continuously  
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Samples  were  drawn  for  analysis  in  March,  1868,  and  in  March,  1882, 
to  three  successive  depths  of  9  inches,  or  27  inches  in  all. 

TOTAL  NITROGEN. 

The  following  table  (Table  77)  shows  the  total  nitrogen  found  in 
all  the  samples  that  were  examined  in  1868,  and  in  all  of  the  soils  and 
most  of  the  subsoils  sampled  in  1882.  The  results  are  shown  both  as 
percentages  and  as  pounds  per  acre,  and  it  should  here  be  stated  that 
the  weights  of  soil  per  acre  taken  for  all  computations  of  acreage 
weights  in  the  Hoos  field  barley  plats  were  as  follows: 

Table  77.— Hoos  field  continuous  barley  plats — Adopted  weights  of  fine  dry  soil 

per  acre. 


First  9 
inches. 

Second  9 
inches. 

Third  9 
inches. 

Pounds 

2,527,879 

2.361,461 

2.486,870 

2.084,567 

Pounds. 
|2,593,a53 

Pounds. 
2,661,134 

Used  tor  plat  7  (2)  

Notice  should  be  taken  of  the  fact  thai  the  nitrogen  results  are  all 
those  of  determinations  by  the  soda-lime  method  and  not  by  the 
modern  Kjeldahl  method.  (See  discussion  of  the  results  of  the  two 
processes  in  connection  with  the  wheat-soil  results). 

Table  78. — Hoos  field  continuous  barley  plats — Total  nitrogen  (by  soda-lime 
method),  stated  as  jiercentages  of  fine  dry  soil  and  as  pounds  per  acre,  in  sam- 
ples collected  March,  1868,  and  February-March,  1882. 


AA. 


A  AS 


First  9  inches. 


Second  9  inches. 


Third  9  inches. 


Collected 
March,  1868. 

F^bruar;1  Collected 
MafchT^.     March.  1868. 

FCebriwv  Collected 
MalXi882.     March.  1868. 

Collected 
February- 
March,  1882. 

Pe- 

cent. 

Pounds 
per 
acre. 

Per 

cent. 

Pounds 
per 
acre. 

Per 
cent. 

Pounds 
per 
acre. 

p  Pounds 

Per 
cent. 

Pounds 
per 
acre. 

Per 
cent. 

Lbs. 
per 
acre. 

0.(1930 
.0887 

2,351 
2.20S 
2.  452 
2.S41 

0. 0652 
.  8538 

1,691 
1.395 

0. 0490 

1,304 
1,088 

.0409 

0. 1202 

3,038 

.1124 

0.0752 

1,951 

.0837 

2,171 

0. 0708 

1,884 

.0730 

1,943 

1.  172 
1.722 

.0900 
.  LO20 
.  1040 
.1096 

.0660 
.0649 

1,712 
1,683 

7055T 
.0647 

2. 578 
2.  020 
2.771 

.1124 

2,841 

.IN  12 

2,080 

.0772 

2,002 

.0763 

2,030 

.0020 

1,650 

.1080 
.  1078 
.1112 
.  Hi:,; 

2.730 
:.'.;•.'.-> 

2,811 
2.  072 

.  0759 

1,969 

.  0838 

1,700 

.  1211 

3,069 

.0700 

1,971 

.0683 

1,772 

.0628 

1.671 

.0530 

1,426 

.1042 
.1136 
.1188 
.  102;) 

2,034 
2. 868 
2.W4 
2,580 

.0793 
.0636 

2.(157 
1,650 

.  0646 

1,719 

.0885 

1,777 

1.  129 
1 . 682 
1  M5 

.1234 
.1207 
.  1380 
.  1300 

2.914 
2.K50 
8,141 

'■\.  OH  I 

.0633 
.0684 
(r.i:t 

1,642 
1,774 
1  Ron 

.0537 
.00:52 
.0643 

..0739" 

1.917 

.  1300 

3,220 

.0733  1,901 

.052:) 

1.392 

.0631      1  678 

.  17!  is 
.2131 

4.471 
1.  142 

.0811 
.08:16 

2.  1(14 
168 

.0605 
(1523 

,.C10 

1 . ;«)2 
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The  plats  composing  the  series  Ol  to  04  have  been  continuously 
deprived  of  nitrogenous  manure.  Plat  01  has  received  no  mineral 
manure  either,  and  is  comparable  with  plat  3  in  the  wheat  field. 
Plats  02  and  03  have  received,  respectively,  phosphates  without 
alkalies  and  alkalies  (potassium,  sodium,  and  magnesium  salts)  with- 
out phosphates.  They  have  no  exact  counterpart  in  the  case  of  the 
wheal  soils.  Plat  04  receives  both  phosphates  and  alkalies,  and 
corresponds  with  plat  5  of  the  wheat  field — manured  with  'kfull  min- 
erals'1 without  nitrogen. 

The  completely  tinman  tired  plat  shows  o.owo  per  cent  of  nitrogen, 

as  against  0.1001*  per  cent  on  the  unnianured  wheat  plat  (No.  :>)  at 
about  the  same  dale  (1SS1),  and  is  therefore  rather  poorer.  Plat  04 
shows  much  more  than  the  similar  wheat  plal  (No.  5),  namely,  0.1124 
per  cent,  as  against  o.ousi. 

This  latter  result  is  at  first  sight  very  puzzling.  We  should  have 
expected  the  soil  of  plat  Ol  to  be  poorer  than  thai  of  either  of  the 
plats  1,  2,  or  3  of  its  own  section,  as  was  the  ease  with  the  correspond- 
ing plats  on  the  wheat  field;  or  even  it"  the  accumulation  of  roots  and 
stubble  from  its  larger  crops  had  caused  any  slight  rescue  of  nitrogen, 
the  difference  from  such  a  cause  would  hardly  be  very  appreciable 
under  tlie  circumstances,  lint  we  see  that  it  is  act  ually  richer  than  its 
neighbors  by  nearly  !<><>  pounds  of  nitrogen  per  acre.  We  also  may 
notice  that,  in  the  second  depth,  this  plat  also  seems  to  be  the  richest 
of  all  the  plats  of  all  the  sections,  except  the  continuously  dunged 
plal ;  and  in  the  third  depth  it  is  richer  even  than  the  dnnged  plat.  It 
may  be  seen  that  this  curious  plat  (04)  was  also  very  rich  in  nitrogen 
in  1 80S;  and  in  — anticipating  other  results  to  be  subsequently 
discussed — it  may  be  also  observed  that  ii  accorded  with  the  general 
rule,  viz,  that  the  more  the  total  nitrogen  (in  a  drained  soil)  the  greater 
the  quantity  of  nitrates,  for  we  find,  even  in  February  or  March,  after 
the  winter  rains,  that  this  plat  is  distinctly  richer  in  nitric  nitrogen 
than  either  1,  2,  or  :>  of  tin'  same  series.  Sir  Henry  Gilbert  has  fur- 
nished me  with  a  key  to  the  mystery  of  this  apparently  anomalous 
and  unexpected  richness  iu  nitrogen,  and  I  think  you  will  agree  with 
me  that  the  explanation  is  one  of  remarkable  interest. 

Sou  are  well  aware  how  profoundly  continuous  manorial  treatment 
in  one  direction  or  another  alters  the  botanical  composition  of  the 
herbage  on  grass  land.  This  is  exemplified  in  a  most  striking  degree 
in  the  Rothamsted  grass  plats.  There  we  find  that  an  abundant 
supply  of  phosphates  and  potash  salts  tends  to  increase  the  non- 
gramineous,  and  more  especially  leguminous,  vegetation — notably 
clover  and  trefoils — while  on  this  soil  nitrogenous  manuring  without 
minerals  tends  to  their  extermination,  because  the  true  grasses  can 
live  longer  and  better  under  such  conditions  than  the  clovers,  etc., 
and  so  crowd  them  out  ;  and  the  more  the  mixture  of  manures  tends 
toward  the  extreme  of  purely  mineral  fertilizers  in  the  one  direc- 
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tion  or  of  purely  nitrogenous  fertilizers  in  the  other,  the  more  is  the 
herbage  modified  in  one  direction  or  another,  the  proportion  of  true 
gramineous  growth  falling  or  rising.  The  character  of  both  gramin- 
eous and  nongramineous  herbage — that  is  to  say,  the  prevalence  or 
scarcity,  or  even  disappearance,  of  various  species  of  either  the  gra- 
mineous or  the  miscellaneous  nongramineous  herbage — is  further 
influenced  and  modified,  according  to  the  nature  of  the  nitrogenous 
manure  used  or  fche  constituents  of  the  "mineral"  fertilizers  apart 
from  and  in  presence  of  each  other.  The  use  of  full  dressings  of 
phosphates  and  alkaline  salts — including  especially  potassium  salts — 
without  nitrogen  is,  on  the  grass  land,  found  to  be  particularly  favor- 
able to  the  increase  and  domination  of  the  LeguminossB,  presumably 
because  these  are,  in  virtue  of  the  symbiotic  functions  of  the  micro- 
organisms in  their  root  nodules,  able  to  gather  and  accumulate  free 
nitrogen. 

It  is  not  singular  that  what  applies  to  the  pasture  of  a  grass  park 
should  also  apply  to  the  natural  wild  vegetation  to  which,  speaking 
as  farmers  or  gardeners,  we  apply  the  generic  name  of  "weeds." 
Now  even  the  careful  weeding  that  is  carried  out  on  the  Rothamsted 
experimental  cereal  plats  has  no  magic  power  to  prevent  the  growth 
of  weeds  during  the  actual  growth  of  a  grain  crop  after  it  is  tall  enough 
to  prohibit  the  use  of  the  hoe;  and  Hoos  field,  like  other  grain  fields, 
grows  its  inevitable  share  of  weeds.  It  happens  that  the  selective 
action  of  manures  on  weeds  is  especially  marked  on  plat  4  of  section 
O.  The  most  prevalent  weeds  on  the  other  sections  are  Atriplex 
angustifolia  (narrow-leaved  orache)  and  Convolvulus  arvensis  (small 
bindweed).  On  section  O,  and  very  especially  on  plat  4  of  this  sec- 
tion, however,  the  prevalent  weed  is  Medicago  lupulina  (yellow  tre- 
foil or  "black  medick"),  a  leguminous  plant  which,  in  presence  of  the 
full  dressing  of  superphosphate  with  potassium,  sodium,  and  magne- 
sium salts,  is  in  some  seasons  very  luxuriant.  Thus  in  1889  it  was 
noticed  that  half  of  the  weight  of  the  "  offal"  from  the  barley  crop  on 
this  plat  consisted  of  the  mere  seed  of  this  plant.  During  the  past 
season — 1000 — the  soil  of  plat  04  was  literally  covered  with  this  weed, 
while  on  plats  4A,  4AA,  and  4AAS,  with  the  same  mineral  manure, 
but  with  liberal  nil  rogen  supply  also,  there  were  only  a  few  individual 
plants  of  1h is  or  any  other  member  of  the  same  natural  order,  the 
weeds  being  mainly  the  two  species  of  nonleguminous  vegetation 
just  referred  to. 

It  was  also  not  iced  that  in  this  season,  which  was  particularly  favor- 
able 1o  the  growth  of  the  Medicago  lupulina,  plat  01,  quite  unma- 
QUred,  had  only  about  one-tenth  of  the  quantity  of  this  plant  found 
on  plal  04,  while  plat  02,  manured  with  superphosphate  only,  had 
about  one-eighth,  and  plal  03  (potassium,  sodium,  and  magnesium 
salts  without  phosphates),  about  one-fifth  as  much.    This  weed,  then, 
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occurs  to  some  extent  on  all  the  plats  receiving  no  nitrogenous 
man ure,  but  especially  on  plat  04,  manured  with  full  minerals. 

Knowing  what  we  do  of  the  habits  of  the  Leguminosa?,  we  can  not 
doubt  that  the  growth  of  this  weed  year  after  year  must  add  nitrogen 
to  the  soil,  and  Sir  Henry  Gilbert  is  of  opinion — and  in  the  light  of 
recent  knowledge  ii  would  be  difficult  to  dissent  from  his  view — that 
the  high  nitrogen  of  the  soil  of  plat  <U  is  to  be  accounted  for  by  the 
nitrogen  storage  produced  by  the  constant  growth  and  plowing  in 
of  this  leguminous  weed.  The  other  plats  on  section  O — especially 
plat  .1 — WOUld  also  be  to  some  extent  enriched  in  the  same  way,  but 

not  to  anything  approaching  t  he  same  extent  as  plat  4.  Plat  ()4  had, 
up  to  L881,  produced  on  an  average  II  bushels  ol  grain  and  three- 
fourths  hundredweight  of  straw  more  than  plat  Ol',  and  4;  bushels 
of  grain  and  L]  hundredweight  Ol  straw  more  than  plat  O.'J;  but  it 
produced  a>  much  as'",.;  bushels  of  grain  and  2]  hundredweight  of 
straw  per  acre  per  annum  more  than  plat  01. 

We  <lo  not  timl  t  he  same  conspicuous  difference  in  produce  between 
plate  3  and  5  on  the  w  heat  field  as  between  plats  Ol  and  the  cor- 
responding plats  of  tin'  barley  field.  In  the  former  case,  for  the  same 
thirty  years,  t he  fully  minerally  manured  wheat  plat  without  nitro- 
gen only  beat  the  wholly  u  1 1  ma  n  u  iv<  1  plat  byan  average  of  bushels 
ot  grain  and  lj  hundredweight  of  Straw,  while  on  these  barley  plats, 
as  we  have  jusl  seen,  the  gain  was  bushels  of  grain  ami  2j  hun- 
dredweight of  st  raw. 

Plat  ()4  contained  in  18*1,  in  the  first  9  inches,  400  pounds,  573 
pounds,  and  389  pounds,  respectively,  more  nitrogen  per  acre  than 
plats  1,  l\  and  3  Ot  its  own  section,  in  addition  to  a  large  quantity  in 
the  subsoil.  The  conservation  of  nitrogen  in  increased  crop  residue 
would,  it  need  scarcely  be  said,  account  for  no  such  excess  as  we  find 
in  plat  04,  which  we  must  attribute  to  the  leguminous  influence 
aforesaid. 

In  the  A  section,  in  which  ammonium  salts  are  used  throughout, 
the  crop  on  plat  I  (ammonium  salts  alone)  has  been  greater  than  on 
any  of  the  O  plats,  and  its  proportion  of  nitrogen  is  even  lower.  The 
nitrogen  is  considerably  higher,  however,  on  plats  l\  and  4,  which 
receive  minerals  also,  being  highest  on  the  most  fully  manured  and 
most  abundantly  yielding  plat,  No.  1.  in  the  surface  soil  of  which  we 
find  0.10%  per  cent  of  nitrogen. 

The  next  two  sections  A  A  and  A  AS,  receive  annually  the  same 
quantity  of  nitrogen  as  section  A,  but  differ  from  it  inasmuch  as  the 
nitrogen  is  supplied  in  the  form  of  sodium  nitrate  instead  of  in  the 
foim  of  ammonium  salts.  Section  AAS  is  also  supplied  with  sodium 
silicate.  Both  of  these  nitrate  sections  have  given  on  the  average 
considerably  larger  crops  than  tin  ammonium-salts  section.  Even  on 
plat  1,  receiving  no  phosphates  or  potassium  salts,  etc.,  there  has  been 
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a  much  more  abundant  yield,  possibly  owing  to  some  extent  to  the 
solvent  action  of  the  sodium  salt  on  the  mineral  constituents  of  the 
soil.  In  three  out  of  the  four  plats  of  the  nitrate  sections  we  find 
more  total  nitrogen  in  the  surface  soil  than  in  the  corresponding  plats 
of  the  ammonium-salts  section.  In  the  case  of  plat  4  of  both  A  A  and 
AAS  (fully  manured)  the  nitrogen  is  rather  less  than  on  plat  A4,  the 
soil  having  probably  reached  the  stage  in  which  nitrification  had 
become  more  active  than  in  the  case  of  plat  A4. 

Plat  AA4  seems  to  have  been  richer  than  the  corresponding 
ammonium-salts  plat  in  1868,  but  its  nitrogen  has  since  diminished, 
as  in  the  case  of  the  other  section. 

The  rape-cake  plats  (section  C)  are,  as  we  should  expect,  all  rich 
in  nitrogen.  Plats  3  and  4,  which  have  given  the  best  crops,  are  the 
richest.  Much  of  the  accumulation  of  nitrogen  in  this  section  must 
be  attributed  to  actual  accumulation  of  added  nitrogenous  matter 
and  not  to  mere  crop  residue.  Plat  4  gave  lower  results  in  1882  than 
in  1868,  a  possible  inference  from  whicii  is  that  nitrification  had 
become  more  active  as  the  soil  became  richer. 

The  farmyard-manure  plats  show  a  much  larger  accumulation  of 
total  nitrogen,  the  quantity,  as  we  should  expect,  being  considerably 
greater  in  the  case  of  the  continuously  dunged  plat  than  in  the  case 
of  the  plat  on  which  the  application  of  dung  was  stopped  eleven 
years  before,  though  this  latter  plat  is  still  far  richer  in  nitrogen  than 
even  the  rape-cake  plats.  On  the  dunged  plats  the  richness  in 
nitrogen  seems  to  appear  also  in  the  second  depth;  but  the  subsoils, 
like  those  of  the  Broadbalk  field,  are  irregular. 

A  table  is  here  added  showing  the  difference  in  nitrogen  between 
the  surface  soils  of  the  plats  of  the  sections  A,  AA,  AAS,  and  C,  all 
nitrogenously  manured,  and  those  of  the  corresponding  plats  of  sec- 
tion O,  withoul  nitrogenous  manure.  Plats  1,  2,  3,  and  4  in  every 
section  receive,  it  will  be  remembered,  the  same  minerals.  The  dif- 
ference between  plats  1,  or  2,  or  3,  or  4  of  section  O,  and  the  corre- 
spondingly treated  plat  of  any  other  section,  is,  therefore,  to  be 
referred  solely  to  the  direct  or  indirect  treatment  of  the  latter  with 
nitrogenous  fertilizers. 
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Table  79,—Hoos  field  barley  soils,  samples  collected   Frbruary-March,  1889— 
Nitrogen  in  first  9  inches  of  soil,  stated  as  percentage*  of  fine  dry  soU  and  tu 
ixmndi  per  acre;  also  differences  between  plats  of  section  O,  and  those  of  other 
'lions. 


Section. 

Plat. 

Nitrogen. 

Nitrogen  per  acre. 

Per  cent. 

+  or  — 
section 
O. 

Actual. 

+  or  - 
section 
O. 

i  i 

1  4 

0.1030 

.0807 
(070 
'  1124 

Poumis. 
2.351 
2.26N 
2  J")-' 
8,841 

Pounds. 

A  (ammonium  salts )  

1! 

JOOO 
.1030 
.1040 
.  MM 

-0.0080 

f  .mm 
+  mo 

2.275 
2.  678 
2. 888 
2,  771 

-  76 
+310 
+  177 

—  70 

+37«.» 
+  4.->7 

+:{.->!> 

-16U 

AA  (sodium  nitrate  |   

1 

9 

a 

4 

.  loxo 
.  1078 
.1111 
.  1057 

+  0150 
+  .0181 
•  0148 
ooiiT 

2~73<7 
2. 726 
8,811 
8,678 

A  AS  i. sodium  nitrate,  and  sodium  sdn-atei  

1  » 

i  i 

.  1042 
.  1135 

Lisa 

UK) 

+  .0112 
+  .0238 
01KS 

Him 

2.634 
2.  H«i!l 
2.  B64 

2. 

+283 
+H01 
+412 

—255 

C  <  rape  cako)  

r  l 

i 

3 
4 

.  i-su 

»7 

.  1330 
.1308 

.  am 

■  (H10 

•  mn) 

•  .01S2 

2.1M4 
2.S50 
3.141 
3. 0.«*  I 

+563 
+582 
+»>8!> 
+243 

It  will  be  seen  tflial  in  every  section  plal  l  (with  Fall  minerals  and 
nitrogen)  seems  to  contradicl  all  the  teaching  of  the  other  plats  by 
its  lowness  ill  comparison  with  plat  <)4,  also  receiving  full  minerals, 
hut  without  nitrogen.  This  apparent,  anomaly  is  due  to  the  legumi- 
nous weed  vegetation  on  the  Last-named  plal.  already  fully  discussed. 
Excluding  plats  1,  we  find,  as  in  the  case  of  the  wheat  soils,  that  the 
accumulations  of  crop  residue  under  manuring  and  higher  cropping 
have  produced  or  maintained  in  the  surface  soil  of  the  various  sec- 
tions a  greater  quant  ity  of  nitrogen  than  we  find  on  section  (),  without 
nitrogenous  manures,  except  in  one  Case,  viz,  that  of  the  continuous 
application  of  ammonium  salts  without  minerals.  This  has  left  the 
soil  slightly  poorer  in  nitrogen,  if  anything,  than  has  the  absolute 
an  manuring  on  plal  01,  showing  once  more  that  even  if  largely 
unut  ilized  through  lack  of  phosphates  and  other  mineral  constituents,' 
ammonium  salts  do  not  accumulate,  even  in  clay  soil,  in  such  a 
degree  as  to  appreciably  affect  the  permanent  proportion  of  total 
fixed  nit rogen. 

On  the  corresponding  sodium  nitrate  plats,  on  the  other  hand,  we 
find  an  accumulation  or  increase  of  nitrogen;  but  this  again  is  not 
accumulation  of  manure  but  of  crop  residue,  due  to  the  persistently 
larger  yield  of  both  grain  and  straw  under  the  influence  of  the  nitrate 
when  minerals  are  not  applied. 
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CARBON,  AND  RATIO  OF  CARBON  TO  NITROGEN. 

The  carbon  was  not  determined  in  the  earlier  samples,  but  only  in 
those  collected  in  1882.  The  following  table  shows  the  percentages  of 
carbon  side  by  side  with  the  percentages  of  total  nitrogen,  and  the 
ratios  of  carbon  to  1  nitrogen,  and  of  nitrogen  to  100  carbon: 

Table  80. — Hoos  fieldbarley  soils,  samples  collected  February- March,  1882—  Nitro- 
gen and  carbon  in  first,  second,  and  third  depths  of  9  inches  each,  stated  as  per- 
centages of  fine,  dry  soil;  also  ratios  of  carbon  to  1  nitrogen,  and  nitrogen  to  100 
carbon. 


Sec- 
tion. 

Plat. 

First  9  inches. 

Second  9  inches. 

Third  9  inches. 

Nitro- 
gen. 

Car- 
bon. 

Carbon 
tol 
nitro- 
gen. 

Nitro- 
gen to 
100  car- 
bon. 

Nitro- 
gen. 

Car- 

Car- 
bon to 
1  ni- 
tro- 
gen. 



Nitro- 
gen to 
100 
car- 
bon. 

Nitro- 
gen. 

Car- 
bon. 

Car- 
bon to 
1  ni- 
tro- 
gen. 

Nitro- 
gen to 
100 
car- 
bon. 

O 
A 

1! 
I 

Per 
cent. 
0.0930 
.0897 
.0970 
.1124 

Per- 
cent. 
1.021 
.957 
1.007 
1.154 

11.0 
10.7 
10.4 
10.3 

9. 11 
9.37 
9.63 
9. 74 

Per- 
cent. 
0.0652 

.0538 

Per 
cent. 

Per 
cent. 
0.0490 

.0409 

Per- 
cent. 

0.188 

9.1 

11.02 

0.  414 

10.1 

9.88 

.0837 

.0730 

.0900 
.1020 
.1040 
.1096 

1.026 
1.060 
1.007 
1.082 

11.4 
10.4 
9.7 
9.9 

8. 77 
9.62 
10.33 
10. 13 

.0660 
.0649 

.0553 
.0647 

.555 

8.6 

11.69 

.519 

8.0 

12. 47 

.0772 

.0620 

.1080 
.1078 
.1112 
.1057 

1.110 
1.171 
1.117 
1.119 

10.3 
10.9 
10.0 
10.6 

9.73 
9.21 
9.96 
9.45 

.0759 

.683 

9.0 

11.11 

.0639 

.521 

8.2 

12. 26 

.0683 

.0.536 

AAS  - 
C 

fl 

2 

u 

i 

{I 

.1042 
.1135 
.1133 
.1023 

1.071 
1.198 
1.174 
1.098 

10.3 
10.6 
10.4 
10.7 

9.73 
9.47 
9.65 
9.32 

.0793 
.0636 

.0646 

.0685 

.1234 
.  1207 
.  1330 
.1306 

1.327 
1. 313 
1. 375 
1.355 

10.8 
10.9 
10.3 
10.4 

9.30 
9. 19 
9.67 
9.64 

.0633 
.0684 
.0613 
.0733 

.0537 
.0632 
.0.543 
.0631 

.643 

9.4 

10.65 

.507 

8.0 

12.47 

.  1798 
.2131 

2.032 
2.486 

11.3 
11.7 

8.85 
8.57 

.0811 
,0836 

.638 
.727 

7.9 
8.7 

12.71 
11.49 

(Hill.-. 

.0523 

.542 
.506 

9.0 
9.7 

~Ti7T6 

10.34 

The  first  point  that  we  naturally  look  to  in  the  carbon  results  is  to 
sec  how  far  the  quantity  of  carbon  on  plat  4  of  section  O  (the  plat 
which  grows  the  large  quantity  of  the  yellow  trefoil  as  a  weed)  accords 
with  the  high  proportion  of  nitrogen  contained  in  that  plat.  We  see 
at  once  that  there  is  a  close  correspondence. 

The  other  plats  do  not  differ  much  in  carbon  from  those  of  section 
A  (ammonium  salts),  but  the  plats  of  the  two  sodium  nitrate  se<-iions 
give  uniformly  a  higher  percentage  of  carbon  than  the  ammonium 
sails  plats,  showing  generally  pretty  clearly  the,  influence  of  greater 
crop  residue  accumulation  following  greater  crops. 

On  the  rape-cake  plats  the  actual  accumulation  of  added  organic 
matter  is  distinctly  indicated  by  a  decidedly  larger  carbon  accumula- 
tion; and,  as  we  should  expect  ,  we  not  ice  t  he  same  thing,  but  to  a 
much  larger  extent,  in  the  case  of  the  two  farmyard-manure  plats, 
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the  one  on  trhicli  dung  was  discontinued  in  1871  showing  (also  as  we 
should  expect) a smaller  accumulation  of  organic  carbon  than  the  plat 
•  mged  continuously. 

On  the  whole,  the  proportions  of  nitrogen  in  the  various  plats  of  the 
tailcy  field  that  have  been  persistently  manured  with  chemical  fer- 
tilizers resemble  very  closely  the  proportions  found  in  the  wheat  plats 
more  or  less  similarly  manured,  and  the  proportions  of  carbon  are,  on 
the  whole,  also  very  similar. 

On  the  rape-cake  plats  of  the  barley  field  the  proportion  of  total 
nitrogen  varies  from  about  9.12  to  about  0.13.  On  the  rape-cake 
wheat  plat  the  quantity  at  about  t lie  same  t ime  ( 1  ssi )  was  (>. Il'o  per 
cent,  or  about  t  he  same. 

The  quantity  of  carbon  in  the  rape-cake  barley  plats  is  from  about 
1.31  to  about  L.37  per  oent.  On  the  wheat  plat,  at  about  the  same 
period,  il  was  about  l..**7  per  cent. 

On  the  continuously  dunged  barley  plat  the  proportion  of  total 
nitrogen  is  0.2131  per  cent.  On  the  wheal  plat  the  proportion  of 
total  nitrogen  at  about  the  same  period  was  0.1836  percent,  or  rather 

less. 

The  carbon  in  the  case  of  the  continuously  dunged  barley  plat  is 
2.486  per  cent.    On  the  wheat  plat  it  was  2.132  pel'  cent. 

The  general  ratio  of  carbon  to  nitrogen  does  not  differ  very  much 
from  that  found  in  l  he  wheal  plats.  Kxcluding  the  dunged  plats,  the 
ratio  of  carbon  to  nitrogen  on  the  barley  plats  averages  10. 5  of  carbon 
to  1  of  nitrogen.  On  the  wheat  plats,  at  about  the  same  period,  it 
averaged  lo.f,  to  1 . 

The  continuously  dunged  plat  on  the  barley  field  shows,  in  1882,  a 
rat  io  ol  1  1 .7  of  carbon  to  1  of  nit  rogen,  while  t  he  cont  inuously  dunged 
plat  on  the  wheat  field,  in  1881,  showed  a  ratio  of  11.7  of  carbon  to  1 
of  nitrogen. 

In  the  second  !)  inches  of  the  barley  soils  the  ratio  of  carbon  to  1  of 
nitrogen  varies  from  8.7  to  9.4.  In  the  second  depth  of  the  wheat 
soils,  at  about  the  same  period,  it  averaged  D.l. 

In  the  third  \)  inches  the  ratio  of  carbon  to  1  of  nitrogen  varies,  in 
the  barley  soils,  from  8  to  10.1.    On  the  wheat  soils  it  averaged  8.7.  - 

On  the  whole,  then,  there  is  very  little  difference  between  either  the 
proportions  of  carbon  or  the  proportions  of  nitrogen  in  the  various 
depths  of  the  two  fields,  as  far  as  we  are  able  to  compare  them. 

It  should  be  mentioned  that  all  these  comparisons  are  based  upon 
the  percentages  of  nitrogen  as  determined  in  both  sets  of  samples  by 
the  soda-lime  method  and  not  by  the  Kjeldahl  process. 

NITROGEN  AS  NITRATES  (*'  NITRIC  "  NITROGEN). 

The  nitrogen  existing  as  nitrates  was  determined  by  Professor  War- 
ington  in  all  of  the  1882  samples  except  those  of  the  sodium-silicate 
seel  ion,  AAS.    In  regarding  these  results  it  must  be  borne  in  mind 
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that  the  samples  were  collected  in  February  and  March,  nearly  a  year 
having  elapsed,  therefore,  since  the  application  of  the  annual  dress- 
ings of  manure  on  each  plat.  Most  of  the  nitric  nitrogen  present  in 
the  surface  soil,  therefore,  would  be  mainly  nitric  nitrogen  of  the  year 
before,  which  had  uot  been  washed  out  by  the  winter  drainage,  or 
which,  by  upward  diffusion  under  the  influence  of  evaporation,  had 
regained  the  surface,  though  there  would,  perhaps,  be  some  small 
quantity  formed  by  early  spring  nitrification.  The  winter  had  been 
more  than  ordinarily  wet. 

The  nitric  nitrogen  for  all  the  plats  sampled  in  1882  is  given  in  the 
following  table. 

Professor  Warington  also  determined  the  chlorin  in  the  plats  of 
two  sections,  and  the  results  are  given  in  the  same  table. 

Table  81.—  Hoos  field  barley  soils,  samples  collected  February- March,  1882— Nitro- 
gen as  nitrates  ("nitric"  nitrogen),  and  chlorin  stated  as  parts  per  million  of 
fine  dry  soil  and  as  pounds  per  acre  in  first,  second,  and  third  depths  of  9  inches 
each. 

NITRIC  NITROGEN. 


Series. 

Plat. 

Parts  per  million  of  fine 
dry  soil. 

Pounds  per  acre. 

First  9 
inches. 

Second 9 
inches. 

Third  9 
inches. 

First  9 
inches. 

Second  9 
inches. 

Third  9 
inches. 

Total  (27 
inches). 

2.34 

1.81 

1.90 

5.92 

4.69 

5.06 

15.67 

2.52 

2. 18 

2.36 

6. 37 

5.65 

6.28 

18.30 

O  

1! 

2.41 

2. 19 

2. 43 

6.09 

5.68 

6.47 

18.24 

2.95 

3.75 

2.36 

7. 46 

9.73 

6.28 

23.47 

2.42 

3.20 

2. 61 

6.12 

8.30 

6. 95 

21.37 

2.93 

4.43 

3.07 

7.41 

11.49 

8.17 

27. 07 

A   ... 

(1 

3.  !t7 

2.38 

2.11 

7.51 

6. 17 

5.61 

19.29 

3.20 

2.22 

3.34 

8.09 

5.  76 

8.89 

22.  74 

3.84 

2.03 

3.38 

9.71 

6.82 

8.99 

25  52 

AA  

3.09 

4.02 

3. 10 

7.81 

10.43 

8.25 

26.49 

(! 

3.07 

2.39 

3.04 

7. 76 

6.20 

8.09 

22.05 

3. 72 

2.19 

2.34 

9.40 

5.68 

6.23 

21.31 

f  1 

4.50 

5.28 

2.98 

10.613 

13. 70 

7.93 

32. 26 

C  

J  2 

3. 16 

5.03 

2.94 

7.46 

13. 05 

7.82 

28. 33 

1  3 

4.48 

4.31 

3.56 

10.58 

11. 18 

9. 47 

31.23 

I  4 

3.48 

4.44 

3.27 

8.22 

11.52 

8.70 

28.44 

7  

{  I 

5.9(5 
8.92 

4.54 
5.62 

4.09 
4. 10 

14. 82 
18.59 

11.78 
14.58 

10.88 
10. 91 

37.48 
44.08 

CHLORIN. 


3.31 

6.98 

6. 77 

8.37 

18.11 

18.02 

44.50 

3.30 

7. 17 

12.  73 

8.34 

18.60 

31.88 

60.82 

o  

(! 

3.27 

7.40 

7.00 

8.27 

19.  19 

18.  68 

46.09 

2.81 

10.65 

14. 37 

7.10 

27.62 

38.24 

72. 88 

3.14 

7.M 

9. 56 

7.94 

19.82 

25.44 

68.80 

8.86 

15.  28 

13.  59 

9.76 

39.  03 

86. 16 

85. 55 

A  

1! 

5. 29 

6.  56 

6.88 

13.37 

17.02 

18.31 

48.  70 

3.68 

6.89 

12.71 

9. 30 

17. 87 

3$.  82 

60. 9U 

It  will  be  seen  that  on  the  O  section,  to  which  no  nitrogen  is  applied, 
the  largesl  quantity  of  nitric  nitrogen,  in  the  first  and  second  depths, 
is  found  in  the  plat  that  contains  the  largest  quantity  of  total  nitrogen, 
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namely,  plat  04,  which  is  so  fertile  in  the  growth  of  the  Leguminous 
w<mm1  to  which  attention  has  been  directed. 

If  we  take  the  three  depths  (27  inches  in  all),  we  find  that  this  plat 
shows  over  21  pounds  of  nitric  nitrogen  per  acre. 

The  poorest  plat  in  nitric  nitrogen  is  t ho  plat  which  produces  the 
smallest  erops  (Ol).  This  contains  less  than  16  pounds  of  nitric 
nitrogen  per  acre  in  the  three  depths;  plats  ( >:>  and  04  being  inter- 
mediate. 

If  plat  ot  (the  leguminous-wood  plat)  be  left  out  of  account,  we 
see  that  the  plats  manured  with  ammonium  salts  and  with  sodium 
nitrate  (sect  ions  A  and  AA)  are  uniformly  richer  in  nitric  nitrogen 
than  those  of  section  ().  But  much  richer  in  nitrates  are  the  surface 
soils  and  higher  subsoils  of  the  rape-cake  section,  owing  to  abundant 
nitrification  of  accumulated  nitrogenous  organic  matter.  Richer  still 
are  t lie  dunged  plats.  Plat  ~  (1)  contains  nearly  15  pounds  per  acre 
of  nitric  nitrogen  per  aero  in  the  surface  soil  (nearly  l|  pounds  more 
than  any  of  the  undunged  plats),  and  is  as  rich  as  even  the  rape-cake 
plats  in  the  second  depl  li.  and  decidedly  richer  than  even  these  in  the 
third  depth.  The  cont  inuouslv  dunged  plat  is  much  richer  in  the 
surface  depth,  and  also  in  the  second  depth,  and  0.1  pounds  per  acre 
richer  in  the  l'7  inches.  It  would  scarcely  have  been  expected,  even 
in  the  ease  of  the  continuously  dunged  plat,  that  so  much  nitric 
nitrogen  would  be  found  in  February  and  March. 

On  the  wheat  plat  similarly  treated,  only  ~>'*>  pounds  of  nitric  nitro- 
gen per  acre  were  found  in  ( )ctoher  in  the  first  is  inches  of  soil.  Here, 
in  February  and  March,  we  ha\  e  33  pounds,  or  half  the  quantity,  not- 
withstanding a  wet  winter.  This  would  seem  to  indicate  that  nitrifi- 
cation must  have  begun  early.  On  the  other  hand,  the  accumulated 
organh  matter  in  the  dunged  soil  must,  by  its  absorptive  power,  render 
the  dunged  land  less  suscepi  ible,  pro  rata,  to  loss  by  drainage,  than  the 
undunged  plats,  more  of  the  rainfall  being  retained  and  dispersed  by 
surface  evaporation.  On  the  IJroadbalk  plats,  which  are,  as  we  know, 
pipe  drained,  the  drainpipes  often  run  freely  on  the  undunged  plats, 
while  those  on  the  dunged  plats  are  giving  no  drainage  water.  • 

CHLORIN. 

In  the  O  series,  without  nitrogenous  manure,  the  chlorin  is  greater 
in  the  superphosphated  plats,  Nos.  '2  and  4,  than  in  the  others,  the 
difference  being  especially  marked  in  the  third  depth.  The  same 
thing  is  seen  in  the  A  series  (ammonium  salts).  The  explanation  of 
this  is  not  obvious.  It  can  not  be  found  in  the  introduction  of  chlorids 
to  the  soil,  for  the  difference  between  the  two  sets  of  plats  in  chlorin 
contents  is  not  great,  although  the  O  plats  receive  no  direct  addition 
of  chlorids,  except  as  slight  impurities  in  the  mineral  fertilizers, 
beyond  those  derived  from  rain;  while  the  plats  of  the  A  series 
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usually  receive  annually  about  56  pounds  of  chlorinper  acre  in  their 
dressing  of  ammonium  salts.  It  may  be  that  the  effect  of  the  calcium 
in  the  superphosphate  is  to  produce  some  physical  difference  in  the 
soil  which  makes  it  more  retentive  of  chlorids. 

The  quantity  of  chlorin  present  in  the  three  aggregate  depths, 
except  on  plat  04  and  plat  A2,  does  not  differ  much  from  that  found 
in  the  most  nearly  corresponding  plats  in  the  Broadbalk  wheat  field. 

PHOSPHORIC  ACID  AND  POTASH. 

A  set  of  samples  of  the  Hoos  field  barley  plats  was  kindly  drawn 
for  me  in  the  autumn  of  1889  by  Sir  Henry  Gilbert,  for  the  purpose 
of  investigations  as  far  as  regards  their  phosphoric  acid  and  potash 
contents,  as  determined  by  the  citric-acid  process,  on  which  I  was 
then  working.  The  samples  represented  the  surface  soil  only,  and 
were  taken  from  only  one  place  in  each  plat,  as  the  immediate  object 
was  rather  one  of  qualitative  than  of  quantitative  investigation. 
The  results  of  the  analyses  have  been  fully  discussed  in  an  earlier 
paper,  referred  to  on  p.  96;  but  it  may  be  convenient,  for  future 
reference,  that  the  figures  should  find  a  place  here. 

PHOSPHORIC  ACID. 

The  phosphoric  acid  results  may  be  conveniently  stated  in  the  fol- 
lowing table  (Table  82),  in  which  the  plats  are  grouped  with  special 
reference  to  their  phosphatic  manuring,  the  corresponding  plats  of 
each  section  being  brought  together.  The  table  shows  the  percentage 
of  total  phosphoric  acid  in  the  fine  dry  soil,  and  also  the  percentage 
dissolved  b}'  a  1  per  cent  solution  of  citric  acid;  and  also  the  yield  of 
barley  (both  grain  and  straw)  in  the  year  following  the  sampling. 


Table  82.—  Hoos  field  barley  soils,  samples  collected  in  the  autumn  of  18S9 — 
Phosphoric  acid  determinations. 


Series. 

Plat. 

Animal  manuring  since  1852. 

Phosphoric  acid  in 
fine  dry  soil. 

Yield  per  acre 
in  1890. 

Total. 

Dissolved 
by  1  per 

cent  solu- 
tion of 

citric  acid. 

Barley. 

Straw. 

O 

1 
1 
1 
1 

3 
3 

3 

3 

Per  cent. 
0.099 
.05*7 
.104 
.106 

Per  cent. 
0. 0055 
.0060 
.0067 
.0071 

Hushels. 
13 
24i 
29  * 
31J 

(Uct. 

i* 
12? 

14i 

15? 

A 

AA .... 
AAS  . 

O 
A 

AA.... 
AAS 

Ammonia  salts  only  

Nitrate  of  soda  only  

Nitrate  of  soda  and  silicate  of  soda  

Average  of  above  four  plats  

Potash, etc.  (no  phosphates)  

Ammonia  salts,  potash,  etc.   (no  phos- 
phates). 

Nitrate  of  soda,  potash,  etc.   (no  phos- 
phates). 

Nitrate  of  soda,  silicate  of  soda,  potash, 
etc.  i  no  phosphates). 

Average  of  above  four  plats  

.102 

.0063 

24J 

12* 

.121 
.102 

.104 

.105 

.108 

.  0100 
.0081 

.0082 

.0112 

.0094 

9* 

23* 

28 
36* 

1 

15* 

m 

13J 

THE  HOOS  FIELD  BARLEY  S(>IL<. 
Table  8*2.— Hoos  field  barley  soils,  ,  /<•.— Continued. 
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Series.  Plat. 


0 

2 

2 

AA  .... 
A  AS 

2 
■ 

O 

4 

A 

4 

A  A 

4 

A  AS 

4 

C...  . 

C  . 

I 

0 

•> 

c 

4 

1 

Annual  manuring  since  1852. 


Superphosphate  only  

Ammonia  salts  and  superphosphate  

Nitrate  of  soda  and  superphosphate   

Xitr.it.-  <»f  soda,  silicate  of  soda,  and  >uper 
phosphate. 

Average  of  above  four  plats  


Superphosphate,  potash,  etc   

Ammonia  salts,  superphosphate,  potash. 

ete. 

Nitrate  of  soda,  superphosphate,  potash, 
ete. 

Nitrate  of  soda,  silicate  of  soda,  superphos- 
phate, potash,  etc. 

Average  of  alxive  four  plats   


Rape  cake  only  

Rape  cake,  potash,  etc.  <  no  ph"-phatcs  < 

Rape  cake  and  superphosphate  

Rape  cake.sujK'rphosphate.  potash,  etc  

Farmyard  manure  for  twenty  year-  ta 
i    manured  for  last  eighteen  years. 
Farm}  ai  d  manure  for  thirty-eight  years  . 


Phosphoric  acid  m 
tine  dry  soil. 

Yield  per  acre 
in  1890. 

Total. 

Dissolved 
by  1  per 
cent  solu- 
tion of 
citric  acid. 

Barley. 

Straw. 

Percent. 

.  un 
.  if.-, 

.  180 

Per  cent. 
.0168 
.0425 
.(I3j0 
.  0475 

Buslu  Is. 
16} 
33* 
47* 
40* 

Ctct. 
7} 
16} 
22} 
22} 

.178 

.0128 

36 

17} 

.  ls'.t 
.182 

.  0538 
.  .0500 

17} 
46| 

23} 

.  178 

.008 

43} 

23j 

.  109 

.0479 

88| 

22} 

.180 

.0498 

38} 

19} 

.158 
.  LBS 

.220 
.203 

jus; 

.0214 
.0030 

.u.V.3 

30 
31* 
37* 
33} 

18} 
18 
17i 
IS] 

:» 

.0206 

22} 

HI 

.» 

.0447 

53 

SB| 

POTASH 

In  the  next  table  are  shown  the  percentages  of  potash  dissolved 
from  the  various  soils  by  strong  hydrochloric  acid  and  also  by  a  1  per 
ccnl  solution  of  citric  acid,  the  plats  in  this  case  being  grouped  with 
special  reference  to  their  potash  manuring. 

Table  83.— Hoos  field  barky  soils,  samples  collect  i  d  in  (la  ant  am  <>/  ISS'J— Potash 

determinations. 


Series. 


O.... 
A.... 
AA. 
AAS 

O... 
A... 
AA. 
AAS 


Plat. 


Annual  manuring  since  1852. 


No  manure  

Ammonia  salts  only  

Nitrate  of  soda  only-  -  -  

Nitrate  of  soda  and  silicate  of  soda  

Average  of  above  four  plats  

Superphosphate  only  

Ammonia  salts  and  superphosphate.  

Nitrate  of  soda  and  superphosphate  

Nitrate  of  soda,  silicate  of  soda,  and  super 
phosphate. 

Average  of  above  four  plats  


Potash  in  fine  dry 
soil. 


Dis 
solved  by 
strong 
hydro 
chloric 

acid. 

Dissolved 
by  1  per 
cent  solu- 
tion of 
citric  acid. 

Barley. 

Straw. 

Per  cent 
0  183 
.267 
.136 
.193 

Per  cent. 
0.0036 
.0020 
.0050 
.0042 

Bushels. 
13 
24* 
29.* 
31} 

Cwt. 
6* 
12| 

m 

15} 

.  195 

.0037 

24} 

w 

.204 
.248 
.142 
.188 

.0065 
.0023 
.0038 
.0035 

16} 

33* 

m 

46* 

7i 
16* 
22} 
22} 

.196 

.0040 

36 

Yield  per  acre 
in  1890. 
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Table  83. — Hoos  field  barley  soils,  etc.— Continued. 


Plat. 


Annual  manuring  since  1852. 


Potash  in  fine  dry 
soil. 


Dis- 
solved by 
strong 
hydro- 
chloric 
acid. 


Dissolved 
by  1  per 

cent  solu- 
tion of 

citric  acid. 


Yield  per  acre 
in  1890. 


Barley. 


3   Potash, etc.  (no phosphates)  

3  Ammonia  salts,  potash,  etc.  (no  phosphates) 
3    Nitrate  of  sod  a,  potash ,  etc.  (no  phosphates ) 

3  Nitrate  of  soda,  silicate  of  soda,  potash,  etc. 
(no  phosphates). 

Average  of  above  four  plats  

4  Superphosphate,  potash,  etc  

4    Ammonia  salts,  superphosphate,  potash, 

etc. 

4    Nitrate  of  soda,  superphosphate,  potash, 
etc. 

4    Nitrate  of  soda,  silicate  of  soda,  superphos- 
phate, potash, etc. 

Averages  of  above  four  plats  

1  Rape  cake  only  

2  Rape  cake  and  superphosphate  

3  Rape  cake,  potash,  etc.  (no  phosphate)  

4  Rape  cake,  superphosphate,  potash,  etc  

1  Farmyard  manure  for  20  years,  unma- 

nured  for  last  18  years. 

2  Farmyard  manure  for  38  years  


Per  cent. 
.318 
.257 
.239 
.230 


Per  cent. 
.0366 
.0407 
.0350 
.0454 


261 


.300 
.326 


210 

250 


.272 


.170 
.194 
.219 
.238 


159 
167 


Bushels. 
23£ 


.0394 


.0340 
.0298 


.0305 
.0270 


.  0303 


,0079 
.0079 
.0351 
.0304 


.0135 
.0321 


Section  Y 


HOOS  FIELD  LEGUMINOUS  AND  WHEAT-FALLOW  SOILS. 

INVESTIGATIONS  SHOWING    THE   EFFECT  OF    VARIOUS  LEGU- 
MINOUS CROPS  ON  THE  NITROGEN  CONTENTS  OF  THE  SOIL. 

When  referring  to  the  linos  field  barley  SOilfi  I  drew  your  attention 
to  a  striking  effect  produced  on  the  SOU  of  a  certain  plat  OH  whieh 
barley  had  been  continuously  gTOWO  tor  a  very  Long  period  with  full 
mineral  fertilizers  but  without  nitrogen.  The  nitrogen  in  the  soil  of 
this  plat  was  found  t<>  l><-  very  appreciably  greater  than  in  the  easeof 
plats  Liberally  treated  with  nitrogenous  fertilizers,  and  the  difference 
was  shown  to  be  due  to  tin*  eomparat i ve  encouragement  given  by  the 
mineral  fertilizers,  in  tin'  absence  of  nitrogen  supply,  to  a  certain 
leguminous  weed  (Jfedicago  luptUina)  which  is  noticed  to  be  extraor- 
dinarily prevalent  among  the  bailey  on  this  plat. 

In  the  same  field  there  has  been  carried  out  over  many  years  a  most 
interest  ing  set  of  experiments  on  Leguminous  crops,  and  also  a  contin- 
uous experiment  on  the  growth  of  wheat  on  iinmanured  land,  both 

year  after  year  and  in  alternate  years  with  intervening  Fallows.  The 
examination  of  the  soils  from  the  various  Leguminous  plats  and  from 
the  wheat  land  has  yielded  results  of  great  comparative  interest. 

The  leguminous  experiments  were  brought  before  you  by  Sir  Henry 
Gilbert  in  L8W,  and  I  should  be  apologetic  for  again  discussing  them 
but  for  the  fact  that  the  object  of  my  own  lectures  would  be  conspic- 
uously unfulfilled  if  they  did  not  include  the  interesting  analyses 
made  from  time  to  time  of  these  particular  soils  from  I  loos  field;  and 
I  would  add  that  the  leguminous  experiments  have  been,  since  Sir 
Henry  Gilbert  addressed  you,  followed  by  the  growth  of  wheat  on  the 
same  plats,  with  results  to  which  we  shall  have  to  allude  later.  Abbre- 
viating Sir  Henry's  account  of  the  leguminous  experiments,  it  nmy  be 
stated  that  their  object  was  to  ascertain  whether  certain  leguminous 
crops  of  different  habits  of  growth,  especially  as  to  root  range,  could 
be  successfully  grown  for  a  longer  time  and  with  a  larger  annual  pro- 
duce than  others,  all  being  similarly  treated  as  regards  fertilizers; 
and  also  to  ascertain  w  hether  the  successor  failure  of  individual  spe- 
cies would  afford  new  evidence  as  to  the  source  of  the  nitrogen  of  the 
Leguminosse  generally,  and  as  to  the  causes  of  what  is  familiarly 
know  n  as  "clover  sickness."  The  experiments  were  started  in  1878, 
on  land  on  w  hich  red  clover  had  been  grown,  though  with  precarious 
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success,  for  nearly  thirty  years.  Of  the  plants  originally  chosen  to 
succeed  the  clover  several  failed,  and  were  discontinued,  but  others 
were  successfully  continued,  notably  Trifolium  repens  (white  clover), 
Vicia  saliva  (vetches),  Melilotus  leucantha  (Bokhara  clover),  and 
Medicago  sativa  (lucern).  These  crops  were  grown  from  1878  down 
to  1898  in  various  series  of  plats,  one  series  getting  various  mineral 
fertilizers  only,  while  a  second,  third,  and  fourth  series  received 
respectively  (in  addition  to  various  minerals  as  in  the  case  of  the  first 
series)  sodium  nitrate,  ammonium  salts,  and  rape  cake.  In  1898  all 
but  the  plats  of  series  1  were  plowed  up,  and  wheat  grown  on  them 
during  1899  and  1900.  Series  1,  however,  is  continued  under  legu- 
minous cultivation. 

This  will  probably  be  sufficient  preface  to  the  analytical  soil  results, 
to  which  attention  is  now  to  be  drawn. 

The  samples  analyzed  were  collected  in  1881,  1882,  and  1883  from 
the  wheat-fallow  land  and  from  various  leguminous  plats  of  the  series 
receiving  annually  only  mineral  fertilizers  without  any  manurial  sup- 
ply of  nitrogen.1  It  will  be  seen  that  in  many  cases  samples  have 
been  taken  down  to  twelve  successive  depths  of  9  inches,  i.  e.,  to  a 
depth  in  all  of  9  feet.  In  these  various  samples  both  the  organic 
nitrogen  and  the  nitric  nitrogen  were  determined.  The  full  details  of 
these  analyses  are  given  in  the  following  table,  the  quantities  being 
stated  as  percentages  (parts  per  million  in  the  case  of  the  nitric  nitro- 
gen) and  as  pounds  per  acre. 

We  will  first  look  at  the  organic-nitrogen  results. 


Table  84. — Hoos  field  fallow  wheat  and  leguminous  land — Samples  collected  in 
1881,  1882,  1883,  and  1885— Organic  nitrogen  residts. 

ADOPTED  WEIGHTS  OF  FINE  DRY  SOIL  PER  ACRE. 


Depth. 

Samples  col- 
lected 
March,  1881. 

Samples  col- 
lected July 
26-31,1882. 

Samples  col- 
lected July 
17-26,1883. 

Samples  col- 
lected July 
29- Aug.  14, 
1885. 

First  9  inches  

Pounds. 
2,650,000 
2, 700, 000 
2,900,000 

Pounds. 
2, 050,000 
2, 700,000 
2, 900.  (HID 
3,000,000 
3,000,000 
3,000,000 

Pounds. 
2,650,000 
2,700,000 
2,900,000 
3,000,000 
3,000,001) 
3,000,000 
3,000.000 
3,000,000 
2,900,000 
2, 750, 000 
2,750,000 
2,750,000 

Pounds. 
2, 650, 0(H) 
2,700,000 
2.900,000 

3,ooo,o;k) 
3,000,000 
;i. oiio.ooo 
3,000,000 

3,000,000 
2.90O.0O0 
2.750,0IM 
2,75(1.(1(1  i 
2, 750,  (.00 

Third  9  inches  

Sixth  9  inchus.  

2,650,000 
2,  70(1,  (Kill 
29, 050,  (MM) 

2, 650.  on  i 
2, 700, 00;  I 
29,050,001) 

Total  

34, 400.  (XX) 

34,400,000 

1  For  full  manorial  details  for  the  various  plats,  see  the  Rothainsted  Memoranda. 
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Table  M. — JIoos field  falhm-  irhmt,  nm\  /<  </)i ihiiioiis  land,  <'t<-. — Continued. 

NITROGEN  IN  FINE  DRY  S<  >IL. 


Samples 
collected 
March.  1-1 

Samples  col- 
lected Jul  v  26-31. 
IMS 

Samples  collected  .Tulv  Sam 
17-26. 1883.  2 

pies  collected  July 
9- Aug.  H,  1885. 

Doptb. 

r.  i.  r. 
_  -  — 

-  r  : 

-  :  

Z  -  -  . 

u 

H  jj  £ 

Melili >t  lis 

leucantha. 

Wheat -fallow 
land. 

Trifolium  re- 

pelis  i  series 
1.  plat  1  i. 

Vicia     1  * 
sativa.    j  2. 

1*1  JiifN . 

^  x  _  S 
OS~  —  ~  X  .~ 

^  i  -  =  H.i  ~  >  ~ 
H  - — i  a  o  «  o-t->r^" 

M 

z  '■  > 

_  w 

=~~ 

p- 

— 

=  -  <- 
a  x  = 

r 

/  ■- 

.;-  - 

is 

-  -  b 

X  —        x             w  - 

B.     "Z~.  JE 

5*  s 

First  9  inches  . . 
Second  9  inches 

Third  9  inches     . . 

Fourl h  9 indies 

Fiftli  9  inches  

Sixth  9  inches  

Seventh  9  Inches 
Eighth  9  inches. ... 

Ninth  9  inches  

Tenth  9  inches 
Eleventh  9  inches 
Twelfth  9  inches 


P.  ct.  P.  ct.  I  P.  ct.  P.  ct.  |  P.  ct.  P.  ct.  P.  ct.  I  P.  ct.  P.  ct.  P.  ct.  \P.ct.\P  ct  \P  ct 
...  0.09690  lux).  1140(1  lmiM).  lHJMi.  10350.  11280.  1241  o.  1140(1.  U«l  0.  1209  0  11510  1219 
k»25   .0652  .0629  .07:18  .0792 


First  9  inches  . .. 
Second  9  inches 


Mixture  third  to 
twelfth  9  inches 


.004N 

0552 


una  06K 

6699  M8B 

.  ..  .0379 

 0698 

 0608 


ov.s   1055  .iftw 

(09.",     1000  015s 


<»>lo  .ooof)  .ohk;  .uti'to  .(cm 
Ik574   . m«T    mis    (080  .ir705  .0022  .  <k>24 


0646 
o.Vil 


<u:t5  .04; 
.0372    mt\  (kill 


otEEt    o>2  u:;; 
0523  .054:1  .0280 
(09O  .0325 


046; 
040*. 

I4tr7  0482  o".ot  (two  04K 
0424  .0657  JO Ki  it{50  .lien 
0684 


1075  .0667  .03001  .0605 

04<ki  .03011  (ti7:; 

0390  .  U510  n.V,.i 

03471  .0587 


(0.54  .0W8 


'■341  .102(1 


11349 

.03:50 


0428  07<H  04:51  (t{20  "OKI  .0298 
.OKU  ik!7l  (022  .  04*7  .04:58  .(074 
(k>42    O40o|  .0453  J047    041.I  .0363 


.0300 
0319  .0347 
.021*5  0213 
.0180  .0200 
0190  .0132 

.0205  .OOliS 


.1021  .1269 
im5  .osic, 


(049  .io:!9 


.  1151  .1219 
.0600  .0710 


,0888  .0860 


NITROGEN  I'ER  ACRE. 


First  9  inches  

See.  »nd  9  inches 
Third  8  inches  

!J,s. 

688 
1 . 888 
1,601 

Los. 
8,804 
1.7(19 

1 .  an 

Lbs. 
3.021 
1 .  7tM 
1.273 

u>s. 
8,  ©0 
l .  888 
l.»57»i 

U.s. 
8,046 

1 .  7n 
t,aa 

Lhs. 
i  748 
1  888 
1.54T. 

U.S. 

2.9S9 
1,988 
1.9.V, 

Lb*.  Lbs. 
8,288  3,021 
188  1,088 
1.847  L,209 

Lbs. 
2.7(» 
1.634 
1.  10! 

Lbs.  Lbs. 
3.»S1  3.054 
2.203  1.861 
2.(05  1..S4  0 

Lie. 
8,280 
1,917 

1.810 

Total  first 
to  third  9 
inches  

5,  St  15 

.;.  192 

6.051 

C.  194 

6. 125 

5.  :»87 

C.93; 

rt294j  5,983 

5. ;  19 

7.611 

6.717 

6.957 

Fourth  9  Inches 
Fifth  9  inches  

1.137 
1.119 

1.  IK5 
1,636 
1 .  »i.s;{ 

1,338 

1 

,  874 
1.  U8 
1.608 

l.Sitll 

L669 
l.KKl 

1,746 
1 . 828 
1.470 

1.011 

B68 
975 

1.425 
1.395 
1.206 

1.671  900 
1.21S  <NN 
1.188  1,530 

1,515 
1.119 
1,668 

Sixtli  9 inches   

1.215 

1 .  lit, 

Total  first 
to  sixth  9 
inches  

9,525 

10.997 

9.ssi 

10,286 

12,286 

12,119 

8,827 

;•. 

11,688 

Kt.107 

1 1 . 259 

Seventh  9  inches 

1.491 

1 . 872 

1.440 
1 . 9;  1 

2,024 

1,512 
1,820 
1.  114 

mm 

1,041 
1.047 
974 

1,761 
1,047 
626 

900 
1,041 
618 

Tenth  9  inches 
Eleventh  9  inches 



1,171 

1,988 
1,846 
1 . 205 

1.185 
1,161 
1,246 

820 
1.303 
943 

520 
539 

550 
363 
187 

1.  191 

1.229 

1,268 

.564 

Total  seventh 
to  twelfth 
9  inches 

S.09S 

10,484 

7.538 

6,408 

7.347 

6,128 

5,057 

3,659 

Total  first 
to  twelfth 
9  inches 

18.384 

22, 719 

19, 657 

15,235 

17,122 

17,816 

15,104 

14,918 



2.  700 

3.363 
2,203 

12,753 

3.050 
1,863 

11.213 

3,230 
1,917 

10, 168 

Second  9  inches 

1,634 
13.043 

Mixture  third  to 
twelfth  9  inches  . 



Total  

17,383 

18,319 

16, 126 

15.315 

11  w  ill  be  remembered  that  all  the  soils  here  are  in  the  same  field, 
and  probably  therefore  originally  more  or  less  alike. 
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We  see  that  in  the  first  9  inches  the  leguminous  soils  are  uniformly 
very  markedly  richer  in  nitrogen  than  the  wheat-fallow  soils.  The 
same  thing  is  in  nearly  every  case  shown  in  the  second  9  inches,  and 
for  the  most  part  also  in  the  third  9  inches. 

If  we  look  at  the  line  in  the  lower  part  of  the  table  showing  the 
nitrogen  per  acre  for  the  aggregate  first  three  depths  (1  to  27  inches), 
the  nitrogen  accumulation  in  the  leguminous  land,  as  compared  with 
the  wheat  land,  assumes  large  and  very  striking  dimensions,  except 
on  one  plat  (Vicia  sativa,  plat  6,  1883),  where  there  appears  to  be 
throughout  some  irregularity  of  subsoil.  Even  here,  however,  the 
accumulation  is  well  seen  in  the  surface  soil. 

In  some  plats  the  influence  of  the  vegetation  appears  to  be  recog- 
nizable lower  still,  but  the  natural  irregularities  of  the  lower  subsoil 
render  it  impossible  here  to  draw  certain  conclusions.  But  the  gen- 
eral evidence  of  accumulation  in  the  upper  layers  is  most  clear  and 
convincing,  and  accords  admirably  with  modern  knowledge  of  the  life 
history  and  functions  of  leguminous  crops — knowledge  which  was  but 
dimly  toreseen,  although  its  advancing  shadow  was  felt  when  these 
experiments  were  started.  It  was  not  until  1886  that  Hellriegel 
announced  the  results  which  gave  definite  shape  and  direction  to  the 
long- vexed  problem  relating  to  the  sources  of  the  nitrogenous  food  of 
this  highly  interesting  natural  order  of  plants. 

In  the  first  27  inches  of  soil  we  find  that  the  ten  sets  of  samples 
representing  the  leguminous  plats  average  0,604  pounds  of  total  nitro- 
gen per  acre,  while  the  three  sets  of  wheat  soils  average  but  5,847 
pounds,  showing  an  average  gain  of  757  pounds  of  nitrogen  per  acre 
under  the  influence  of  leguminous  vegetation.  Sir  Henry  Gilbert,  in 
his  lectures,  further  pointed  out  that  the  annual  output  of  nitrogen  in 
the  crops  had  been  far  greater  on  the  leguminous  land.  During  the 
twenty-seven  years  before  the  miscellaneous  leguminous  crops  were 
first  planted,  and  when  the  leguminous  land  was  under  red  clover,  it 
yielded  in  its  clover  crops  a  yearly  average  of  32  pounds  of  nitrogen 
pei- acre,  as  against  L5  pounds  per  acre  yielded  in  the  crops  of  the 
wheat  and  fallow  land,  while  during  the  following  fourteen  years  of 
various  leguminous  herbage  the  average  yearly  output  of  nitrogen  in 
crops  was  11  pounds  per  acre  for  the  red-clover  plat,  24  pounds  for 
the  white  clover,  75  pounds  for  the  vetches,  58  pounds  for  the  Bokhara 
clover,  an<l  no  Less  than  L37  pounds  for  the  lucern.  During  the  same 
time  the  wheat  and  fallow  land  yielded  only  L2  pounds  of  nitrogen  per 
acre  per  annum  in  its  crops.  No  nitrogen  was  nianurially  applied  on 
any  of  these  plats. 

We  nave,  therefore,  not  only  soil  accumulation  in  the  root  residues, 
bill  also  a  great  output  of  organic  nitrogen  in  the  crops  (varying  with 
the  species  and  habits  of  the  individual  Leguminosee  grown),  a  Large 
pari  of  which  nitrogen  must  undoubtedly  have  been  due  to  the  fixa- 
tion of  atmospheric  nitrogen. 
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Table  85  shows  the  corresponding  figures  for  the  nitrogen  existing 
as  nitric  acid,  or  rather  as  nitrates;  and  here  subsoil  irregularities 
do  not  interfere  with  our  grasp  of  th«'  facts,  for  the  nitrates,  being 
soluble  and  migratory,  are  in  a  diffused  form,  and  (unlike  the  organic 
nit  rogen)  are  not  much  affected  by  the  variations  In  the  mineral  com- 
position (proportions  of  clay,  stones,  and  chalk)  of  the  subsoil. 


Table  S5. —  I  loos  field  fallow  wheat  and  leguminous  land — Samples  collected  i)i 
1SS1.  l<ss.j,  iss.;,  and  /.sav;— Nitrogen  cwistingat  nitrates. 

ADOPTED  WEIGHTS  OF  FINE  DRY  SOIL  PER  ACRE. 


Depth. 

Samples  ml 

lected 
March,  1881. 

Samples  col 
lected  July 
26-31,1882. 

Samples  col- 
lected July 
17-26.  \m. 

Samples  col- 
lected July 
29-Aug.  14, 

1SS.V 

First  I  inches  

Pound*. 

8,660,000 
8,700, 000 
•,900,000 

1'mtnds. 
8,660,000 

8,700,000 
8,900,000 
:t.  <HMI.  OIHI 
:$,(MM».IHM» 

8,000,000 

Pou)idit. 
8,060,000 
8,700,000 
8,900,000 

3.IMM),  (M)0 

8,000,000 
B, 000, 000 
8,000,000 
2,9<x>,<nn) 
8,760,000 
8,780,000 
8,750,000 

Pounds. 
8,860,000 

8,700,000 

2.  Wll.  <XK) 

8,000,000 
3,00n.o<Nl 
8,000,000 

3,  UN).  (NX) 
3,000,000 
2.900.UI0 
8,780,000 
2,  750.  (NN) 
2,750,000 

Third  8  inches  

Fourth  P  inches  

Fifth  11  inches  

Eighth  it  inches  

Twelfth  9  inches  

2.  650,  INK) 

2.7m.ooo 

29,050,000 

2,650,000 
8,700,0% 
20.05O.IM) 

Second  !» inches  

Total  

34.400,000 

34.400,000 

NITR<  >GEN  AS  NITRATES.  PARTS  PER  MILLION  oF  FINE  DRY  SOIL. 


Depth. 


First  8 inches  

Second  !•  inches  . . 
Third  i)  inches  ...  . 
Fourth  '.)  inches  . . 

Fifth  9  inches  

Sixth  9  inches  

Seventh  9  inches  . 

Eighth  9  inches  

Ninth  0  inches  

Tenth  B  inches  

Eleventh  9  inches  . 
Twelfth  9  inches  . . 


First  9  inches  

Second  9  inches  . . . 
Mixture  third  to 
twelfth  9  inches  . 


Samples        Samples  col- 
collected     lected  Jul V 35  31. 
March,  ixsi.  1888. 


3  = 


— 


00  SO    .     •  09 

o  *«  J.  <■? 
3 a o  Sao. 

••3  —  c 


I'.rt.  P.rt. 
2.6H  4.51 
1.24  3.07 
1.08  6.3:1 


P.rt. 
3.24 
1.10 
.  06 
1.08 
1.46 
1.78 


Melilotus 
leucantha. 


P.ct. 
1.48 
.67 
.31 
.26 
.37 
.70 


Samples  collected  July  (Samples  collected  July 
17-26,1883.  29-Aug.  14, 1885. 


P.ct. 
1.28 
.36 
.21 
.33 
.28 
.55 


P.  Ct. 

7.88 
2.  US 
.85 
.90 
.54 


H 

=  7- 

P  -  -m  I 

P  -  -     -  - 

is. 


Vicia 
sativa. 


P.ct. 
11.44;-) 

L0.8S 
8. 91 
8.646 
8.086 
8. 986 
8  64 
8.78 
8. 85 
3  62 

3. :« 
3.  445 


P.ct. 
i  •"»'  (5 
1 . 52 
.47 
9. 666 

1 .  686 

2.  12') 
2.  385 
1  866 
1 . 565 
1.935 
2.  (Hi 

1 . 935 


P.ct. 
:».  7S5 
1.01 
.37 
.505 
.835 
1.475 
1.505 
1.64 
L.86 
1.875 
2.  325 
2.  35 


=5.3 


P.ct. 
6.  16 

1.88 
.95 
72 
.56 
.49 
.59 
.61 
.79 
.73 
.72 
.75 


.  16 


,71 


•t3  2? 


P.cf. 

4.26 
.51 
.31 
.62 

2.36 

3 

4.38 

4.21 

3.86 

3. 

4.03 
3.62 


4.26 
.51 


3.03 


P.ct 
1.61 
.52 
.73 
.98 
1.74 
2. 07 
2.65 
3. 

3  :« 
3.33 
3. 21 


1.61 

.52 


.52 


u. 

o  9  S 
I.I 

8 


P.  cf. 
3.29 
.41 
.27 
.27 
.33 
.31 
.19 
.27 
.24 
.22 
.16 
.15 


3.29 
.41 


24 
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Table  85. — Hoos  field  falloiv  ivheat  and  leguminous  land,  etc. — Continued. 


NITROGEN  AS  NITRATES,  PER  ACRE. 


Depth. 

Samples 
collected 
March,  1881. 

Samples  col- 
lected July  26-31, 
1882, 

Samples  collected  July 
17-26,  1883. 

Samples  collected  July 
29- Aug.  14, 1885. 

Wheat- fallow 
land. 

Leguminous 
land  (series 
1,  plats  2-6). 

Trifolium  re- 
pens  (series 
1,  plat  6). 

Melilotus 
leucantha. 

Wheat-fallow 
land. 

Trifolium  re- 
pens  (series 
1,  plat  4). 

Vicia 
sativa. 

Wheat-fallow 
land. 

Trifolium  re- 
pens  (series 
1,  plat  5). 

Melilotus  leu- 
cantha (se- 
ries 1, plat  5). 

Medicago  sa- 
tiva (series 
1,  plat  5). 

f->  ^ 

co 

0>  ft 

CO 

T  c3 

f"1  r-i 

co  ^ 

co  ;o 

CP  +3 

CO  " 

First  9  inches  

Second  9  inches  . . . 
Third  9  inches  

i  otai  nrsc 
To  tnirci  v 
inches  

Fourth  9  inches  . . . 

r  ii  til  v  iiiciies- .  

Sixth  9  inches  

Total  first 
to  sixth  9 
inches  

Seventh  9  inches 

Lbs. 

/ .  Uo 

3.35 
3. 13 

Lbs. 
11. 95 
8.29 
18. 36 

Lbs. 

o.  o» 

2.97 
1.91 

Lbs. 
3. 92 
1.81 
.90 

Lbs. 
3.39 
.97 
.61 

Lbs. 

19.48 
8.05 
2.47 

Lbs. 
30.33 
27.73 
8.44 

Lbs. 

11.94 
4. 11 
1.37 

Lbs. 

10.03 
2.  72 
1.08 

Lbs. 

17.12 
3.67 
2.76 

Lbs. 
11.29 
1.38 
.90 

Lbs. 
4.27 
1.40 
2.12 

Lbs. 
8.72 
1.11 
.78 

lo.  OO 

oo.  oU 

1Q  A1? 
lo.  4( 

6.63 

4.97 

30. 00 

66. 50 

17.42 

13.83 

23.55 

13.57 

7.79 

10. 61 











3.09 
4. 38 
5. 16 

.78 
1.11 
2. 10 

.99 
.84 
1. 65 

2.70 
1.62 
3.57 

7.64 
9. 07 
8.77 

1.67 
4.58 
6. 37 

1.52 
2. 51 
4.42 

2. 16 
1.68 
1.47 

1.86 
7.08 
11.31 

2. 94 
5.22 
6.21 

.81 
.99 
.93 

26. 10 

10. 62 

8.45 

37.89 

91.98 

30.04 

22.28 

28.86 

33.82 

22. 16 

13.34 

3.84 
2.28 
1.48 
1.70 
2. 94 
1.84 

"7T92 
8.34 
8.27 
9.95 
9. 16 
9.51 

7.16 
5.95 
4.54 
5  32 

4.52 
4.92 
4.81 
5. 14 

1.77 
1.83 
2.29 
2.01 
1.98 
2.06 

13. 14 
12.63 
11.19 
10.70 
11.08 
9.96 

7.95 
10.08 
9.66 
9. 16 
8.83 
10. 12 

.57 
.81 
.70 
.61 
.44 
.41 

3.54 

Ninth  9  inches  

Eleventh  9  inches  . 
Twelfth  9  inches 

5. 66    6. 40 
5. 32    6. 46 

Total  seventh 
to  tweittn 
9  inches 

14.14 

53.15 

33.95 

32.25 

11.94 

68.70 

55.80 

Total  first 
to  twelfth 
9  inches 

52. 03 

145. 13 

63.99 

54.53 

40. 80 

102. 52 

77.96 

16.88 

First  9  inches  



17.12'  11.29 
3.67  1.38 

4.27 
1.40 

73. 21 

8.72 
1.11 

6.  97 

Second  9  inches 

Mixture  third  to 
twelfth  9  inches . 

Total  

20.63 

88.02 

41.42 

100. 69 

78.88 

16.80 

Exigencies  of  space  will  not  allow  of  a  thorough  discussion  of  the 
results  in  all  their  detail,  but  the  principal  deductions  from  them  can 
be  made  clear  by  examination  of  some  selected  plats.  Primarily  the 
most,  interesting  are  the  wheat-fallow  plats  and  the  Trifolium  repens 
(white  clover)  plats,  sampled  in  188-')  and  L885.  If  we  take  the  total 
twelve  depths  (0  feet)  of  soil  and  subsoil,  we  find  that  the  wheat-fallow 
plats  contained  in  the  form  of  nitrates,  in  round  numbers,  52  pounds 
and  41  pounds  per  acre,  while  Die  white-clover  plats,  the  same  depi h, 
aboul  L45  pounds  and  102  pounds.  On  the  average  the  clover  plats 
showed  noi  far  short  of  three  limes  as  much  nitric  nitrogen  as  the 
wheat-fallow  land. 

Clearly  this  enormous  difference  is  to  be  correlated  with  the  much 
larger  quantity  of  organic  nitrogen  Pound  in  the  clover  soil,  owing  to 
accumulated  root  residue,  there  being  not  only  more  nitrogen  to 
become  nitrified,  but  the  excess  of  organic  matter  being  more  favor- 
able (as  it  is  within  certain  Limits  and  in  presence  of  lime)  to  the 
activity  of  the  nitrifying  process. 
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It  is,  however,  to  be  noted  that  this  excess  of  nitrates  on  the  clover 
plats  docs  not  by  an\*  means  indicate  the  whole  extent  of  this  greater 
nitrification,  for  Leguminous  plants.  Like  cereals,  absorb  and  utilize 
nitrates  freely.  I > 1 1 1  white  clover,  being  l>nt  a  shallow  rooting  plant, 
can  not  directly  utilize  nitrates  which  have  descended  below  the  sur- 
face soil,  and  bo  we  And  a  great  accumulation  in  the  subsoil.  It  is 
for  this  reason  that  the  white-clover  plat s  serve  so  well  to  show  us 
evidence  of  the  activity  of  nitrification  going  <>n  in  them. 

When  we  examine  i  he  more  heavily  cropping  and  more  deeply  root- 
ing plants — vetches  and  Bokhara  clover — we  find  in  the  subsoils  far 
less  nitrates.  Probably  more  nitrates  have  actually  been  produced, 
but  a  smaller  quantity  has  been  Left  unutilized.  For  instance,  in  L883, 
the  vetch  plats  show  (in  feet  l  only  about  :54  pounds  and  32  pounds 
of  nitritic  nitrogen  per  acre,  as  against  53  pounds  in  the  white-clover 
plat:  and  in  L885  the  Bokhara  clover  shows  only  about  56  pounds 
per  acre,  as  againsl  nearly  69  pounds  <>n  the  white-clover  plat. 

Bui  the  most  remarkably  interesting  plat  is  the  Lucern  plat. 
Lucern,  as  you  are  aware,  is  a  very  deeply  rooting  plant,  sending 
down  stout  roots  for  many  feet  into  the  subsoil.  So  thoroughly  has 
this  crop  Utilized  the  nitrates  formed  in  the  surface   soil  that  we 

tind  scarcely  a  pound  of  nitrogen  per  acre  in  any  depth  below  the 
second,  the  total  quantity  of  nitric  nitrogen  found  to  adepth  of  9  feet 
being  less  than  17  pounds  per  acre,  as  against  L02  pounds  in  the 
neighboring  white-clover  plat. 

It  is  now  interesting  to  impure  how  far  the  accumulation  of  nitro- 
gen in  these. soils  under  the  influence  of  the  leguminous  vegetation 
can  lie  practically  shown  to  influence  their  potential  fertility  for  sub- 
sequent crops.  Il  has  long  been  accepted  thai  a  clover  crop  acts  as  a 
manurial  dressing  for  the  following  wheat  crop,  and  our  modern 
methods  of  farming  are  being  more  and  more  attuned  to  the  more 
#  definite  recent  teachings  of  science  on  the  value  of  the  Leguminosae 
as  reinforcers  of  soil  nitrogen.  It  has  been  said  that  in  1898  three  of 
the  four  series  of  these  leguminous  experimental  plats  were  plowed 
up  and  put  into  wheat.  Crops  of  wheat  were  taken  in  both  L899  and 
1000.  The  following  table  shows  the  crops  yielded  on  land  that  had 
been  previously  occupied  by  seven  descriptions  of  leguminous  crops 
in  both  years,  and  also  the  crops  grown  on  the  unmanured  alternate 
wheat  and  fallow  land  of  the  same  field,  not  only  during  the  same 
seasons  but  in  preceding  years.  The  last-named  results  are  stated  in 
t  wo  ways,  one  giving  the  actual  yield  per  acre  of  the  bearing  half  of 
tin1  land,  the  other  the  total  yield  per  acre  when  the  fallow  half  is 
also  reckoned  in  the  wheat  area.  The  average  yield  of  the  unma- 
nured wheat  plat  in  Broadbalk  field  is  also  given  for  comparison,  and 
a  summary  of  all  the  foregoing  data  is  appended  at  the  foot  of  the 
table. 
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Table  86.  —Produce  of  wheat  at  Rothamsted  under  various  conditions  of  soil. 


Dresse 

Produce 
per  acre. 

i  grain. 

Weight 

per 
bushel. 

Total 
grain  per 
acre. 

Total 
straw 
per  acre. 

Total 
produce 
(grain 

and 
straw ) 
per  acre. 

Wheat  after  various  leguminous  plants,  harvest 

1899. 

Bushels. 
39| 
42.} 
43} 
45i 
431 
43" 
40 

Pounds. 
63.6 
63.9 
64.1 
64.3 
64.1 
64.3 
64.4 

Pounds. 
2,609 
2,808 
2, 916 
3, 028 
2,904 
2,925 
2,715 

Pounds. 
5,499 
5,622 
5, 592 
5, 611 
5. 404 
5,580 
5,051 

Pounds. 
8,108 
8.430 
8,508 
8,639 
8.308 
8,505 
7,766 

Peas  

Bokhara  clover  

Sainfoin   

White  clover   

Red  clover   

Vetches  

Mean     

m 

64.1 

2,843 

5,480 

8,323 

Wheat  after  various  leguminous  plants,  second 
season,  harvest  1900. 

26i 
Hi 
16* 
19 
19i 
19 
14* 

61.7 
61.0 
61.4 
61.4 
61.5 
61.5 
61.9 

1,677 
890 
1,033 
1,198 
1,220 
1,205 
902 

2,614 
1,312 
1,549 
1,788 
1,707 
1,787 
1,360 

4,291 
2,202 
2,582 
2,986 
2,927 
2,992 
2,262 

Peas  

Bokhara  clover  

Sainfoin  

White  clover  

Red  clover   ... 

18f 

61.5 

1, 161 

1,731  2,892 

W  heat  alternated  with  jalloiv  (produce  reckoned 
at  the  yield  per  acre  of  the  half  in  crop  each 
year). 

Average  40  years,  1856-1895  

1896  

17| 

58.7 

1,073 

1,595  •  2,668 

16 

7 

20* 

n! 

60.7 
59.5 
61.3 
62.2 
60.7 

1,020 
460 
1,314 
1.004 
751 

1,312 
710 
2, 650 
1,616 
1,050 

2,332 
1,170 
3,964 
2. 620 
1,801 

1897.  

1898  

1900  

Wlieat  alternated  with  fallow  (yield  per  acre  of 
the  whole  area,  half  in  crop  and  half  fallow). 

Average  40  years,  1856-1895  

1896  

14i 

60.9 

910 

1,467 

2, 377 

8| 

58.  7 

536 

798 

1,334 

8 
Si 
10i 
7| 
6 

60.7 
59.5 
61.3 
62.2 
60.7 

510 
230 
657 
502 
376 

656           1  166 

1897  

355 
1,325 
808 
525 

585 
1,982 
1,310 

901 

1899  

Mean,  5  years,  1896-1900  

Wheat  grown   continuously  without  manure 
( Br oadbalk  field) . 

Average  40  years,  1856-1895  

1896  

60.9 

455 

734 

1.189 

12f 

58.8 

795 

1,127 

1,921 

16| 
SI 
12 
12 
12\ 

61.4 
60.3 
61.4 
61.7 
60.2 

1,087 
592 
823 
769 
769 

1,309 
867 
1,363 
1,056 
1,008 

2,396 
1,459 
2, 186 
1.825 
1,777 

1897    

1898    

1899    

1900  

Mean,  5  years,  1896-1900  

12| 

61.0 

808 

1,121 

1,929 

SUMMARY. 

Wheat  after  various  leguminous  plants: 

Second  season,  harvest  1900  

Wheat  alternated  with  fallow,  average  40  years, 
1866-1886: 

Produce  per  acre  of  the  half  in  crop  each 
year  

m 

17? 
8* 
12} 

64.1 
61.5 

58.' 7 
58.7 
58.8 

2,843 
1.161 

1,073 
5:36 
795 

5,480 
1,731 

1,595 
798 
1,127 

8,323 
2,892 

2,668 
1,884 
1.921 

Produce  per  acre  of  the  whole  area,  half  in 

crop  and  half  fallow  

Wheat  thrown  continuously  without  manure, 
Broad  balk  field,  average  40  years,  1856-1895  ... . 
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The  fertility  of  the  recently  broken  up  leguminous  land  is  very 
strongly  brought  out  in  the  1899  crop.  The  yield  in  1900  was  much 
smaller  than  might  have  been  expected  from  laud  which  in  1899  was 
in  such  a  high  state  of  fertility;  but  the  winter  of  1899-1900  was 
exceedingly  wet,  and  resulted  in  the  washing  away  from  the  surface 
soil  of  a  very  large  proportion  of  the  nitrates  formed  daring  the 
autumn,  hi  the  BroadbaLk  field,  where  the  subsoil  is  tapped  by  drain- 
pipes which  enable  the  drainage  water  to  be  systematically  collected 
and  analyzed,  this  heavy  loss  of  nitrates  through  autumn  and  winter 
drainage  was  very  clearly  noted  by  the  examination  of  the  various 
samples  of  drainage  water  collected.  This  loss  no  doubt  accounts  for 
the  comparative  poverty  of  the  crop  of  1900  a>  compared  with  thai  of 
1890,  though  even  then  the  richness  of  the  soil  as  compared  with  that 
of  the  unmannred  wheat  plate  is  very  evident. 


Section  VI. 


EARN  FIELD  ROOT-CROP  SOILS. 

The  experiments  on  the  continuous  growth  of  root  crops  in  Barn 
field  have  been  also  full}7  laid  before  you  by  Sir  Henry  Gilbert,1  and 
I  have  only  to  add  the  results  obtained  by  the  chemical  examination 
of  a  series  of  soil  samples  drawn  from  this  field  in  the  year  1870,  after 
fourteen  years'  continuous  growth  of  Swedish  turnips  under  various 
conditions  of  fertilization.  The  system  of  the  experiments,  however, 
should  be  briefly  described. 

The  plats  I  have  to  refer  to  constitute  four  series  or  sets  of  7  plats 
each.  Plat  1  in  each  series  has  received  annually  a  dressing  of  farm- 
yard manure,  plat  2  in  each  series  has  also  received  farmyard  manure 
but  with  superphosphate  in  addition.  Plat  3  in  each  series  has 
received  no  mineral  or  general  manure.  Plats  4,  5,  and  6  in  each 
series  have  received  each  year  superphosphate  with  or  without  dress- 
ings of  potassium  salts  and  other  alkaline  salts  during  part  of  the 
period  (see  table) ;  while  plat  7  of  each  series  has  received  throughout 
superphosphate  with,  during  a  portion  of  the  period,  ammonium  sul- 
phate and  alkaline  salts. 

The  plats  in  series  1  receive  only  the  fertilizers  aforesaid;  but  in 
series  2  all  received  in  addition,  for  five  years,  a  mixture  of  sawdust 
and  nitric  acid,  and  for  the  remaining  nine  years  an  annual  dressing 
of  sodium  nitrate. 

In  series  3  all  the  plats,  in  addition  to  the  general  manures,  received 
ammonium  salts. 

In  series  4  all  in  earlier  years  received  ammonium  salts,  supple- 
mented by  sawdust,  and  in  later  years  a  heavy  dressing  of  both 
ammonium  salts  and  rape  cake.  While  the  plats  of  series  5  having 
in  earlier  years  received  sawdust,  in  later  years  received  a  heavy 
dressing  of  rape  cake,  but  without  ammonium  salts. 

All  the  crops,  both  roots  and  leaves,  were  annually  removed  from 
the  land. 

The  following  table,  abbreviated  from  the  Rothamsted  Memoranda, 
gives  the  average  annual  produce  of  roots  (neglect ing  the  leaves  or 
tops)  lor  fifteen  years,  including  the  year  after  the  soil  samples  were 
taken : 


1  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  No.  22. 
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Table  87. — Swedish  turnips  in  Bam  field.  Rothamsted — Average  annual  crop  per 
acre  (bulbs  only)  for  fifteen  seaso)is.  1856-1870. 


Plat. 

Standard  manures. 

a 
■ 
E 

8 
1 

8 

T. 

E 

i 

Standard  manures  and  cross  dressed  with— 

iiSI 

* 

/  -  T  - 

~~  a  o 
■/  te  i  ft 

7. 

—  =  _x 
5";  Z 

IP 

S  E  —■ 

ipl 
«  ■a* 

.  X  Z 

■i  »  £ 

E  ~  5 
1  ft  >•  5 

~  a 

x  •  •  r.  - 

Mili 

/  =  *  a- 

|  E  g§  5 
_  -l  IS  8  | 

I  a  r_  =  s 

§  ■  'z. 

tit 

X  -  x 
X  |~ 

■  2  J,  a 
r. 

•> 

3 

4 

5 
6 

Farmyard  manure  and  super- 
phosphate   

No  mineral  manure  

Superphosphate   ea<-h  year: 
mix'-d  alKaline  salt-.  KVi  im 
Superphosphate  rn<  h  year 
Superphospliate  each  year: 
potassium  sulphate.  1868-  80 

Su])erphosphate  each  year: 
pi  >tassium  sulphate  and  am- 

Mean  of  plats  4. 5,  and  1. . 

Tons. 
6 

1 
0 

4 

7 
11 

Tons. 
7 

7 

cut. 

9 

13 
19 

Toji.s. 
8 

8 
0 

Cut. 
8 

3 
18 

7'«iH*. 

8 

8 

8 

Cut. 

in 
It 

ti 

Tons. 
| 

a 

0 

18 

8 

1 
2 

2 

lrt 
12 

7 

s 

4 

2 

u 

11 

4 

3 

4 

12 
10 

1 

ti 

5 

a 

l-' 
If, 

6 

5 
5 

B 

8 
0 

a 

2 

12 

4 

13 

4 

12 

6 

15 

5 

9 

2 

12 

4 

15 

4 

4 

6 

4 

5 

8 

Samples  of  the  soils  taken  toward  the  '.-lose  of  t lie  period  above 
included,  and  representing  the  first  three  depths  of  9  inches  each,  were 
examined  as  regards  their  contents  of  total  nitrogen,  with  the  follow- 
ing results: 
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Table  88. — Barn  field  root-crop  land,  samples  collected  in  April,  1870,  after  four- 
teen years  of  Swedish  turnips,  1856-1869  (a)— Nitrogen  in  fine,  dry  soil. 


Standard  manures. 


First  9  inches. 

Farmyard  manure  

Farmyard  manure  and  superphosphate  

No  mineral  manure  

Superphosphate  each  year;  mixed  alkaline 

salts,  1856-18(50  

Superphosphate  each  year   

Superphosphate  each  year;  potassium  sul- 
phate, 1856-1860  

Superphosphate  each  year;  potassium  sul- 
phate and  ammonium  salts,  1856-1860  

Second  9  inches. 

Farmyard  manure  

Farmyard  manure  and  superphosphate  

No  mineral  manure  

Superphosphate  each  year;  mixed  alkaline 
salts,  1856-1860  

Superphosphate  each  year  

Superphosphate  each  year;  potassium  sul- 
phate, 1856-1860  

Superphosphate  each  year;  potassium  sul- 
phate and  ammonium  salts,  1856-1860  

Third  9  inches. 

Farmyard  manure  

Farmyard  manure  and  superphosphate  

No  mineral  manure  

Superphosphate  each  year;  mixed  alkaline 
salts,  1856-1860  

Superphosphate  each  year  

Superphosphate  each  year;  potassium  sul- 
phate, 1856-1860   

Superphosphate  each  year;  potassium  sul- 
phate and  ammonium  salts,  1856-1860  


U5 
CO 


Per  ct. 
0. 1449 
.  1438 


,0934 
,  0888 


0660 
,  0727 
062'.* 


0782 
0685 


,0622 


0837 


05S4 
0582 
(1573 


.0630 
.Oli!  14 


.  0674 


.0836 


Standard  manures  and  cross 
dressed  with— 


§1*1 


3d  a  •«  a. 


IBS 


OOOI 

wis 

US  s 
c 

111 

«  2  x  o5 

50  5  a  3 
<x>  rs  as  S 
r  o»B 


,  »  0)  p  3 

1  |Sf  § 

of  S  ^  n/d 

2  O  c3  3 

©  g  MO 

03  gO    '    S  © 

C  2  -ice  "S  ca 
S  Pico hCh 

DC 


,'og 

£  P-rH  O 


Per  cent 
0. 1501 
.1398 
.0964 


.0998 
,  0960 


,(I9(  HI 


,  0924 


,  0701 
.0736 
,0727 


.0707 
.0691 

0643 


,  0600 


,0640 
0618 

,0546 


,0549 
,0646 


(1456 


Per  ct. 
0. 1512 
.  1511 


Per  cent. 
0. 1693 
.1470 
.  1010 


,(1949 
,0936 

.0942 


.  0954 


,  0729 
,0796 


0629 
(1625 


(1728 


.0693 


.  0582 
.061 19 
.  0592 


1061 
1056 


1029 


1035 


,0715 
0592 
0593 


0671 


Per  ct. 
0. 1592 
.1474 
.1083 


,1036 
1041 


0972 


,0997 


.0699 
.  0(570 
.0670 


0612 


.0570 
.0458 
.0480 


047:; 
,0481 


.  0652 


.0484  .0590 


0551 
0567 


.0526 


.  0661 
.0634 


.0637 


.0668 


.0585 
.  0544 
.0577 


.  0538 
.  0483 


.0541 


.0630 


SUMMARY. 


Means  of  plats  4,  5,  and  6: 

First  9  inches  

Second  9  inches  

Third  9  inches  

0.0896 
.0696 
.  0666 

0. 0958 

.0080 
.0550 

0. 0942 
.0661 
.0535 

0. 1049 
.0671 
.  0552 

0. 1016 
.0644 
.0521 

Mean  

.0758, 

T0728 

~7o713~ 

.0758 

.0727 

a  The  crops  of  1859  and  1860  failed  and  wore  plowed  in. 
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It  will  suffice  to  direct  your  attention  specifically  to  the  results  for 
the  first  9  inches  OT  surface  soils,  and  the  figures  may  be  simplified 
by  averaging  the  three  plats — 4,  5,  and  6 — the  treatment  of  which  has 
been  somewhat  similar. 

It  is  now  well  recognized  that  root  crops  grown  with  mineral 
manures  alone  perhaps  exhausl  the  available  nitrogen  of  the  surface 
soil  more  than  any  other  crops,  and  if  we  look  at  the  results  for 
plats  4,  5,  and  •  we  find  that  in  the  surface  samples  of  the  first  series, 
where  nothing  but  mineral  manure  is  used,  there  is  on  the  aver- 
age (see  summary  at  foot  of  Table  ss)  o.iisim;  per  cent  of  nitrogen. 
Compared  with  those  soils  of  the  wheat  or  barley  land  on  which 
mineral  manures  only  are  used,  this  percentage  of  nitrogen  is 
decidedly  low,  while  at  the  same  time  the  annual  yield  of  nitrogen  in 
the  root  crops  under  the  influence  of  mineral  manure  alone  is 
decidedly  greater  than  that  in  ihe  cereal  crops. 

When  the  same  three  plats  have  b'-cn  annually  supplied  with 
sodium  nitrate,  as  in  series  2,  we  ai  once  Bee  a  very  tangible  increase 
in  the  proportion  of  nitrogen,  there  being  found  (see  summary)  on 
the  average  <  >.<  r.i;,:;  per  -cut  of  nitrogen  on  these  plats,  as  against 
( i. osm;  per  cenl  in  series  1 . 

In  series  •'!.  where  a  like  quantity  of  nitrogen  lias  been  regularly 
supplied  in  the  form  of  ammonium  salts,  we  get  almost  the  same 
average  result  as  with  the  sodium  nitrate,  namely,  0.0042  per  cent. 

In  series  I  and  aeries  5,  on  which  rape  eake  has  been  abundantly 
applied,  there  is  throughout  a  farther  increase  in  nitrogen,  the 
average  percentages  in  the  three  plats  being  <>.1<)4!»  in  series  4  and 
<»  L016  in  series 

We  know  thai  neither  ammonium  salts  nor  nitrates  accumulate  in 
the  soil,  and  no  doubt,  therefore,  the  increased  quantity  of  nitrogen 
in  series  1  and  series  1  is  due  to  accumulated  crop  residues,  corre- 
sponding to  the  increased  growth  shown  in  the  preceding  table. 

On  series  4  and  series  5  there  has  also  been  greater  growth  and 
more  root  residue,  but  the  increased  proportion  of  nitrogen  may  be 
due  not  merely  to  this,  but  also  to  some  extent  to  accumulation  of 
manurial  nitrogen  derived  from  the  rape  cake. 

It  will  be  further  noticed  thai  on  the  three  plats — 4,  5,  and  6 — the 
proportion  of  nitrogen  is  greater  in  series  4,  where  the  rape  cake  has 
been  supplemented  by  ammonium  salts,  than  in  series  $,  where  the 
rape  cake  has  not  been  so  supplemented,  and  if  we  refer  to  the  pre- 
vious table,  showing  the  average  crop  results,  it  will  be  seen  that 
plats  4,  5,  and  6  in  series  4  show  throughout  very  considerably  larger 
average  crops  than  in  series  5. 

In  the  case  of  the  plat  which  has  received  no  mineral  manure  the 
effect  of  the  varied  treatment  in  the  different  series  is  also  shown  in 
the  results  of  the  soil  analyses. 
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Although  there  have  not  been  large  crop  residues  in  series  2  and 
series  3  to  reenforce  the  natural  nitrogen,  there  have  been,  as  will  be 
seen  on  reference  to  Table  87,  throughout  but  small  crops,  and  there- 
fore small  demands  upon  the  soil  nitrogen,  whether  natural  or 
manurially  supplied. 

On  the  plats  receiving  farmyard  manure  (plats  1  and  2)  the 
nitrogen  is  throughout,  as  we  should  expect,  far  greater  in  propor- 
tion in  every  series  than  on  the  other  plats,  the  largest  quantities  of 
nitrogen  being  found  in  series  4  and  series  5,  in  which  the  dressings 
of  farmyard  manure  have  been  supplemented  by  dressings  of  rape 
cake. 


Seotioh  VII. 


AGDELL  FIELD  EXPERIMENTAL  ROTATION  SOILS. 

Ii  will  be  appropriate  next  to  consider  the  results  of  the  analyses 
which  have  been  made  of  soils  collected  from  the  Agdell  rotation  field; 
but  first  the  nature  of  the  experiments  must  be  briefly  recalled  to  you. 

The  experiments  began  in  1848.  One-third  of  the  land  has  been 
continuously  anmanured;  one-third,  during  the  time  with  which  we 
are  here  concerned,  was  manured  with  superphosphate  once  every  four 
years  (namely,  for  the  turnip  crop  commencing  each  rotation),  while 
one-third  has  been  (also  once  in  each  rotation,  namely,  for  the  turnip 
crop)  treated  with  a  complex  mixture  of  mineral  and  nitrogenous  fer- 
tilizers, including  phosphates,  potassium,  sodium,  and  magnesium 
sails,  ammonium  salts,  and  rape  cake — hereafter  referred  to  as  "  mixed 
manure."  On  One-half  of  each  of  the  three  differently  manured  plats 
the  turnip  crop,  both  roots  and  leaves,  has  been  annually  carted  or 
removed  from  the  field,  while  on  the  other  half  the  turnips  have  been 
either  consumed  on  the  plats  by  sheep  or  spread  and  plowed  in.  The 
rotation  followed  has  been  turnips,  barley,  clover  (or  beans),  and 

wheat  ;  but  on  one-half  of  each  rotation  plat  only  has  clover  or  beans 

been  sown,  the  other  halt*  forming  a  bare  fallow. 
We  have  therefore  really,  for  each  system  of  manuring,  four  rota- 

t  ions,  namely,  as  follows : 

Turnips  (carted),  barley,  clover,  wheat. 
Turnips  (fed  on  the  land)  barley,  clover,  wheat. 
Turnips  (carted),  barley,  fallow,  wheat. 
Turnips  (fed  on  the  land),  barley,  fallow,  wheat. 

It  is  obviously  a  matter  of  interest  to  consider  how  far,  over. a  num- 
ber of  years,  the  carting  or  consumption  of  the  turnips  on  the  one 
hand  or  the  growth  of  leguminous  vegetation  on  the  other,  as  com- 
pared with  fallow,  affected  the  nitrogen  contents  of  the  soil. 

The  samples  of  the  soil  were  collected  in  18(37,  at  the  end  of  twenty 
years,  or  five  complete  rotations.;  again  in  1874,  after  twenty-seven 
years,  or  not  quite  seven  rotations;  and  again  in  1883  and  1884,  after 
thirty-six  years,  or  nine  complete  rotations. 

Two  tables  are  here  given,  showing  the  nitrogen  contents  found  at 
these  various  periods  in  the  surface  soils  of  the  various  plats.  One 
table  gives  the  quantities  of  nitrogen  stated  as,  percentages  in  the  sur- 
face soil,  the  other  in  pounds  per  acre  for  the  first  9  inches. 
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It  will  be  seen  that  each  table  gives  the  results  in  two  forms.  On 
the  left-hand  side  of  the  tables  the  analytical  results  are  so  arranged 
as  to  afford  for  each  set  of  rotations  (un manured,  superphosphate, 
and  mixed  manure)  an  easy  comparison  between  the  nitrogen  found 
in  the  plats  from  which  the  turnips,  both  roots  and  tops,  have  been 
annually  removed  or  carted,  and  that  found  in  the  plats  on  which  the 
roots  have  been  consumed  by  sheep  or,  in  some  cases,  chopped  up  and 
returned  to  the  land.  The  right-hand  side  of  the  tables  rearranges 
the  same  results  in  such  a  way  as  to  allow  us  easily  to  compare  in 
each  series  of  rotation  those  portions  of  the  plats  on  which  leguminous 
crops  (beans  or  clover)  have  been  grown  in  the  intervals  between 
the  barley  and  wheat,  and  the  corresponding  portions  which  have  been 
allowed  to  remain  fallow  during  this  stage  of  the  rotation. 

Table  89. — Agdell  field  experimental  rotation  land — Soil  samples  collected  in 
1867  (after  ivheat),  1874  (after  clover),  and  1883-84  (after  tcheat)— Percentages 
of  nitrogen  in  fine,  dry  soil  of  first  9  inches. 

UNMATURED. 


Plat. 

Samples  collected  in— 

Mean. 

Nov..  1867 
(after 
wheat). 

Oct.,  1874 
(after 
clover). 

Nov.,  1883. 

to  Jan., 
1884  (after 

wheat). 

Fallow: 

Roots  fed  

21-22 
17-18 

Per  cent. 
0. 1303 
.  1233 

Per  cent. 
0. 1297 
.1165 

Per  cent. 
0. 1230 
.1135 

Per  cent. 
0. 1277 
.1178 

.1268 

.1230 

.1183 

.1228 

Beans  or  clover: 

Roots  carted  

Roots  fed  

23-24 
19-20 

.1303 
.  1297 

.1378 
.1187 

.1308 
.1205 

.  1310 
.1210 

.  1300 

.  1283 

.1257 

.1280 

.1284 

.1257 

.1220 

.1254 

Carted: 

Fallow  

Beans  or  clover   

21-22 
23-24 

.1303 
.1303 

.1297 
.  1378 

.1230 
.1308 

.1277 
.1330 

.  1303 

.  1338 

.1269 

.  1303 

Fed: 

Fallow  

Beans  or  clover  

17-18 
19  20 

.1233 
.1297 

.1165 
.1187 

.1135 
.1205 

.1178 
.1230 

.1265 

.1176 

.1170 

.  1204 

.1284 

.1257 

71820" 

.  1254 

SUPERPHOSPHATE. 

Fallow: 

Roots  carted  

13-14 
9-10 

0. 1224 
.121(1 

0.1147 
.1126 

0.1161 
.1228 

0.1177 
1198 

.  1232 

.  1137 

.  1195 

.1188 

Beans  or  clover: 

Roots  carted  

Roots  fed    

Mean  

15-16 
11-12 

.  tm 

.  L880 

.1241 
,  1321 

.  1207 
.  1298 

.  1258 
.  1322 

.  1354 

.  12*1 

.  1252 

1295 

.  1293 

.1209 

.  1223 

.1242 
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SUPERPHOSPHATE— Continued. 


Plat. 

Samples  collected  in— 

Mean. 

Nov.,  1867 
<  after 
wheat). 

Oct..  1871 

(after 
clover). 

Nov..  1.SS3. 

to  Jan., 
1HS4  ( after 

wheat  \: 

Carted : 

Beans  or  clover  

1.1-14 
15-16 

Per  rent. 
0. 1224 

.  mm 

Per  cent. 
0.1147 
.  1241 

Pi  r  <  ;  h  t. 
0.1161 
.  1207 

Per  cent. 
0. 1177 
.1258 

.  12:0 

.1194 

.11H4 

.  1218 

Fed: 

Fallow  

Beans  or  clover  

Mean   

9-10 

.1240 
.  1380 

.lias 

.  1321 

.1228 
.UM 

.1198 
.  1882 

.  1310 

.  1224 

.  1262 

1265 

Mean  of  all  

.1293 

.  1-1  lit 

.  1223 

.1242 

MIXED  MANURE 

Fallow: 

Roots  carted  

Roots  fed  

5-6         0.  1254 
1-2           .  1232 

0.  1203 

am 

0.  1216 
.  1244 

H  1224 

.  1267 

Mean  

.1293 

1214 

.  12:io 

.1246 

Beans  or  clover. 

Roots  carted  

7-8 
3-4 

.  UBfl 

.  tarn 

.  12!« 

1290 

.  an 

.1331 

.  1266 
1420 

.  i:sis 

.  1270 
.  1374 

.  1322 

Mean  

Mean  of  all .   

1296 ~ 

.1273 

.  12*4 

.1284 

Carted: 

Fallow  

Beans-  or  clover  

Mean  



5-6 
7-8 

1  MM 

.  1266 

.  tm 

.  !29o 

.1216 
.  1255 

.1224 
.  1270 

1260 

.1247 

.1236 

.1248 

Fed: 

Fallow  

Beans  or  clover  

1-2 
3-4 

.  un 
.  ian 

.1332 

.  1225 
.  1372 

.1299 

.  1244 
.1420 

.1332 

.1267 
.  1374 

.1321 

Mean  of  all  

.  1296 

.1273 

.1284 

.1284 

SUMMARY. 

0.1284 
.1293 
.  1296 

0. 1257 
.1209 
.1273 

0. 1220 
.  1228 
.1284 

0. 1254 
.  1242 
.  1284 

Mixed  manure  
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Table  90.—  Agdell  field  experimental  rotation  land— Soil  samples  collected  in  1867 
(after  wheat),  1874  (after  clover),  and  1883-84  (after  wheat)—  Nitrogen  per  acre 
in  fine  dry  soil  of  first  9  inches. 

UNMANURED. 


Plats. 

Samples  collected  in— 

Mean. 

Novem- 
ber, 1867 
(after 
wheat). 

October, 
1874 (after 
clover). 

Novem- 
ber, 1883,  to 
January, 
1884  (after 

wheat;. 

Fallow: 

Roots  carted  

Roots  fed 

21  and  22 
17  and  18 

Pounds  per 
acre. 
3,127 
2,959 

3,043 

Pounds  per 
acre. 
3, 113 
2,976 

2, 955 



Pounds  per 
acre. 
2,952 
2,724 

2,838 



Pounds  per 
acre. 

o,  Jo4 

2,826 

2,945 

Beans  or  clover: 

Roots  carted    

Roots  fed 

23  and  24 
19  and  20 

3,127 
3.113 

■ 

3,307 
2,849 

3, 139 

2,892 



O  1Q1 

2,951 

Mean 

3, 120 

3, 078 

3,016 

3,071 

Mean  of  all  

3,082 

3,016 

2,927 

3,008 

Carted: 

Fallow  

Beans  or  clover  

21  and  22 
23  and  24 

3, 127 
3, 127 

3,113 
3,307 

2,952 
3, 139 

3,064 
3,191 

3,127 

3,210 

3,046 

3.128 

Fed: 

Fallow  

Beans  or  clover  

Mean  

17  and  18 
19  and  20 

2,959 
3.113 

2, 796 
2,849 

2.  724 
2,892 

2, 826 
2, 951 

3,036 

2,823 

2,808 

2,889 

Mean  of  all  . .  

3,082  1  3,016 

2,927 

3,008 

SUPERPHOSPHATE. 

Fallow: 

Roots  carted  

13  and  14 

2.938 
2,976 

2,753 
2, 702 

2,786 
2,947 

2,826 
2,875 

Roots  fed  

Mean  

9  and  10 

2, 957 

2,728 

2,867 

2, 851 

Beans  or  clover: 

Roots  fed   

Mean  

15  and  lt> 
11  and  12 

3, 185 
3.312 

3,249 

2,978 
3,170 

3,074 

2,897 
3,110 

3, 004 

3,020 
3, 197 

3, 109 

Mean  of  all  

3, 103 

2,901 

2,935 

2,980 

Carted : 

Fallow  

Beans  or  clover  

Mean  

13  and  14 
15  and  16 

2,938 
3, 185 

2,753 
2,978 

2,786 
2,897 

2,826 
3,020 

3, 062 

2, 866 

2,842 

2,923 

Fed: 

Fallow  

Beans  or  clover  

Mean  

9  and  10 
1 1  and  12 

2,976 
3,312 

2,702 
3,170 

2,947 
3,110 

2,875 
3, 197 

3.  144 

2,93(5 

3,028 

3,036 

Moan  of  all  

3.  103 

2,901 

2,935 

2,980 
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Table  90.—  Agdell  field  experimental  rotation  land,  etc—  Continued. 
MIXED  MANURE. 


Samples  collected  in 


Fallow : 

Roots  carted . 
Roots  fed  .... 


M.-Jin 


Beans  or  clover: 
Roots  carted 

H<  i',t>  fed  


Maaa  

Mean  <<f  nil 


Carted: 

Fallow  

Beans  or  clover . 


Mean 


Fed: 


Fallow   

Beans  or  clover. 


Mean  

HMO  of  all 


Plats. 


")  and  8 
1  and  2 


7  and* 
3and  4 


5  and 8 
7  and  8 


1  and  2 
3und  t 


Novem- 
alter 

Octol>er. 
1-71  after 
clover). 

Novem- 
ber. 1888,  to 
January. 
ism  (after 

wheat  i. 

Mean. 

Pounds  per 
acre. 
8,010 
1, 197 

I'on  mis  per 
acre. 

t,  9&1 
2.940 

Pounds  jier 
tieri  . 

2,918 
2. 888 

Pounds  pi  r 
acre. 

2.  scis 

3.  H41 

3.  lt>4 

2.914 

!•.->_' 

8,880 

8,088 
3.  |M 

3.09i; 
3,  293 

3,012 
:;.  MK 

8,048 
3. 888 

3,116 

3.195 

3. 210 

3.174 

3.11(1 

3.(154 

3.081 

3.082 

3.010 

8,  MB 

•.'  B81 
3. 09(1 

8,818 
3.(112 

2. 888 
3,(449 

3.021 

2.992 

2.965 

2.994 

s,  m 

8,  r.»i 

2.940 

8,  M 

2.  98.; 

3.  408 

3JU1 

3,  298 

::.  1!h; 

3,117 

3. 197 

3. 170 

3.110 

3,054 

3.osl  3,062 

SUMMAB1 


Unmannred  

3.082  1 
8,108 

Sui>erphosphate  



Mixed  manure  

3.110 

8,018 
8,801 
3.054 


2. 927 
8,886 
3.081 


3.008 
2.980 
3.082 


As  far  as  the  unmannred  plats  arc  concerned,  the  growth  of  roots 
was  for  the  greater  pari  of  the  time  so  small  that  it  may  be  said  that, 
practically  speaking,  there  was  no  crop  of  roots  cither  to  cart  or  to 

feed. 

When  we  come  to  the  superphosphate  plats,  however,  the  consump- 
tion of  the  roots  on  the  land  has  greatly  affected  tic  fertility  of  ihe 
soil.  There  being  no  supply  of  manurial  nitrogen,  the  strain  on  the 
nitrogen  contents  of  the  soil  in  this  rotation  has  been  great,  and 
the  exhaustion  of  the  soil  nitrogen  has  necessarily  been  much  greater 
on  the  "carted"  portions  of  the  plats  than  on  those  on  which  the  roots 
have  been  consumed.  On  the  whole,  it  will  be  seen  that  in  the  fallow- 
rotation  plats  of  the  superphosphate  series  analysis  indicates  a  larger 
proportion  of  nitrogen  in  the  "fed"  plats  than  in  the  "carted"  plats, 
this  being  especially  marked  in  the  samples  taken  in  1883-84,  at  the 
end  of  thirty-six  years,  or  nine  rotations.  This  superiority  in  nitro- 
gen contents  accords  with  the  greater  fertility  of  the  soil,  as  evidenced 
in  its  crops. 

On  the  leguminous  portions  of  the  plats  (beans  or  clover  instead 
of  fallow),  where,  as  we  shall  see  presently,  there  is  more  nitrogen  to 
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conserve,  the  "  fed"  plats  show  throughout  a  very  decided  superiority 
in  nitrogen  to  the  "carted  "  plats.  This  also  accords  with  the  relative 
fertility  of  the  plats  as  evidenced  by  their  crops. 

In  the  case  of  the  very  liberally  manured  series  ("mixed  manure"), 
the  plats  on  which  the  roots  have  been  fed  show  in  every  case  more 
nitrogen  than  those  from  which  the  roots  have  been  carted,  this  being- 
more  especially  the  case  again  in  the  plats  on  which  leguminous 
vegetation  takes  part  in  the  rotation. 

The  data,  however,  to  which  I  am  more  especially  desirous  of  direct- 
ing your  attention  are  those  relating  to  the  comparison  (whether  on 
the  "  carted  "  or  on  the  "  fed  "  plats)  of  the  fallow  portions  with  those 
portions  on  which  leguminous  plants  have  taken  a  place  in  the  rota- 
tion. These  are  best  studied  b}r  the  arrangement  of  figures  to  be 
found  in  the  right-hand  half  of  each  of  the  Tables  89  and  90. 

Taking  first  the  unmanured  land,  it  will  be  seen  that  both  in  1874, 
in  the  seventh  rotation,  and  in  1883-84,  after  the  ninth  rotation,  the 
leguminous  land  was  found  to  be  decidedly  richer  in  nitrogen  than 
the  fallow  land.  In  five  out  of  the  six  cases  in  which  the  soils  were 
comparatively  analyzed  there  was  found  on  the  average,  in  the  sur- 
face soils  of  these  unmanured  leguminous  plats,  about  126  pou'nds 
more  of  nitrogen  per  acre  than  on  the  plats  on  which  neither  beans 
nor  clover  were  grown. 

On  the  superphosphate  series  there  is  also  throughout  a  great  advan- 
tage in  favor  of  the  leguminous  plats.  On  the  plats  from  which  the 
turnips  are  annually  carted  we  find  that  the  portions  on  which  beans 
or  clover  have  been  grown  show  on  the  average  194  pounds  more  of 
organic  nitrogen  per  acre  in  the  surface  soil  than  do  the  fallow  por- 
tions, while  if  we  regard  the  plats  which  have  been  kept  in  higher 
condition  by  the  consumption  of  the  roots  on  the  land,  the  superiority 
in  the  soils  under  the  leguminous  rotations,  as  compared  with  those 
under  rotations  which  included. a  bare  fallow,  is  represented  by  an 
average  of  no  less  than  322  pounds  of  nitrogen  per  acre. 

So  in  the  mixed  manure  series  the  advantage  on  the  whole  lies  dis- 
tinctly with  the  bean  or  clover  land,  the  average  excess  of  nitrogen 
found  in  it  as  compared  with  the  fallowed  portions  of  the  plats  being 
111  pounds  per  acre  where  the  roots  are  carted,  and  as  much  as  257 
pounds  per  acre  where  the  roots  are  fed. 

Thus  we  have  from  these  plats  further  interesting  analytical  testi- 
mony, if  such  were  needed,  to  the  effect  of  leguminous  crops  in 
increasing  or  maintaining  the  nitrogenous  contents  of  the  soil,  and 
also  analytical  evidence  of  the  effect  on  the  soil  of  the  alternative 
met  hods  of  carl  ing  or  consuming  the  root  crop. 

So  far  we  have  been  referring  only  to  the  organic  or  total  nitrogen 
found  in  the  soils.  The  soils  ol*  some  of  the  plats,  however,  have 
been  subjected  to  a  much  more  complete  examination  as  regards  their 
contents  of  nitric  nitrogen,  which  on  four  of  the  plats  has  been  deter- 
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mined  ill  twelve  successive  depths  of  '.»  inches  each,  <>r  to  a  total  depth 
of  feet.  In  some  otlier  casflB  the  nitric  nitrogen  was  determined 
either  in  the  surface  soil  or  in  some  of  t lie  subsoils.  The  determina- 
tions were  made  in  the  sampled  taken  in  the  winter  of  1883-84,  after 
wheat,  and  the  results  are  given  in  tlie  following  table: 


Table  91. — Aydell  field  >  .rperina  ntal  rotation  land—Soil  samjdes  collected  ISS-l- 

54.  after  wheat — Nitrogen  as  nitrates  ("  nitric"  nitrogen)  in  fine  dry  soil. 

NITRIC  NITROGEN.  PARTS  PER  MILLION. 


Depth. 

Unmannred. 

Superphosphate. 

Mixed  manure. 

Fed. 

Carted. 

Fed. 

Carted. 

Fed. 

Carted. 

i 

:  - 

"  i  jS 

ijl 

1 

*- » 
:  s 

■-  -~ 

I  || 

| 

-  n 

1 

it  = 
—  ~ 

0* 

"  i  ~L 

►  =  9 

3 

1 

j:  z 
15  — 

-I 
-  t 

- 

X 

— 

ill 

1.85 
.66 

La 

1.14 
.4-' 
.40 
.19 
.21 
Mi 

1.19 
L07 
1.85 
1.11 

1.44 
1.80 
.67 
.43 
.50 
.61 
.88 
.60 
.67 
.77 
.91 
.32 

1.88 
1.84 
.35 
i:. 
.34 
.24 
.88 
.34 
.  88 
.78 
.59 
1.34 

2.41 
1.90 
-•> 

.'58 
.64 
.32 
.84 
.64 
.  its 
.80 
.82 

1.01 

Thir.lU  ni'  h.  s   

Eleventh  '.•  Inohee 

Twelfth  '.t  Inobee  ... 

0.93 

0.88 

i.m 

0.88 

L88 

0.99 

1.31 

0.73 

NITRIC  NITROGEN,  POUNDS  PER  ACRE. 

4.71 
L68 

3.36 
M 
.95 
.90 
.45 
.53 
1.22 
1.49 
2.97 
2.78 
4.81 
3.11 

3.66 
:{.  48 
1 . 51 

.96 
1.18 
L66 

.85 
1.57 
LSI 

8. 00 

2.36 
.90 

3.44 
3.11 
.79 
1.01 

6. 1:5 
4.41 
1.63 

Lao 

Second  9  inches  





Fourth  inches  

Fifth  9  inches  

.81  1.52 

Sixth  9  inches  

•«! 
.  •  ( 

.89 
.65 
2.03 
1.53 
3.75 

.81 
2.  SB 
1.68 
2.44 

2.08 

2. 13 

2.83 

 i  

 1  

Tenth  9  inches  

Twelfth  9  inches  

2.60 

0.81 

3.50 

1.82 

4.45 

2.  77 

3. 67 

2.04 

SUMMARY  -NITRIC  NITROGEN,  POUNDS  PER  ACRE. 


First  to  third  'J 
inches  

6.95 
1.88 
5.68 
10.70 

8.65 
3.69 
4.<>9 
5.26 

7. 34 
2.43 
2. 31 
7.31 

12. 17 

3.62 
6.35 
7.04 

Fourth  to  sixth  9 
inches   



Seventh  to  ninth  9 
inches  

Tenth  to  twelfth 
inches  

First  to  sixth  9 
inches  

8.83 
16.38 

12.34 
9.35 

9.77 
9.62 

15.80 

13.39 



Seventh  to  twelfth  9 
inches  

First  and  second  9 
inches  .   



6.00 
19.21 

7.14 
14.55 

6. 55 
12.84 

10.54 
18.65 

Third  to  twelfth  9 
inches   

First  to  twelfth  9 
inches  

25.21 

21.69 

19.39 

29. 19 
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In  the  superphosphate  series  it  will  be  seen  that  the  plats  selected 
for  examination  were  respectively  the  fallow  and  leguminous  portions 
of  the  plats  from  which  the  roots  are  annually  carted,  while  in  the 
mixed-manure  series  the  plats  selected  were  the  two  corresponding' 
portions  of  the  plat  on  which  the  roots  are  fed  on  the  land. 

Whether  we  take  the  first  three  depths  (1  to  27  inches),  the  fourth 
to  the  sixth  depths  (28  to  54  inches),  or  the  first  six  depths  together 
(1  to  54  inches),  we  find  in  each  pair  of  plats  that  the  leguminous  por- 
tions contain  more  nitric  nitrogen  than  the  fallow  portions.  This  is 
especially  the  case  on  the  more  fertile  plat  of  the  mixed-manure 
series. 

In  the  succeeding  six  depths  the  results  are  less  regular,  but  the 
leguminous  portion  of  the  plat  belonging  to  the  more  fertile  series 
shows  a  greater  quantity  of  nitric  nitrogen  than  does  the  fallow  por- 
tion. 

The  nitric  nitrogen,  it  will  be  seen,  has  been  determined,  through- 
out all  the  plats  mentioned  in  the  table,  in  the  twelfth  depth  of  9  inches, 
or  at  a  depth  of  nearly  9  feet  from  the  surface.  At  this  depth  the 
nitric  nitrogen  is  uniformly  greater  on  the  fallow  portions  than  on  the 
leguminous  portions  of  the  plats,  and  the  consistency  of  these  figures 
throughout  suggests  that  the  difference  is  an  indication  of  a  greater 
loss  of  nitrates  from  the  fallow  portions,  owing  to  the  fact  that  the 
land  has  been  kept  one  year  in  four  without  vegetation.  In  our  dis- 
cussion of  the  results  obtained  by  examining  the  soils  of  Hoos  field, 
we  have  seen  how  largely  leguminous  crops  remove  and  assimilate  the 
nitrates  of  the  soil,  as  well  as  indirectly,  by  accumulation  of  nitroge- 
nous roof  residue,  augmenting  their  production. 

As  the  practical  agricultural  bearing  of  these  famous  rotat  ion  experi- 
ments in  Agdell  field  was  very  fully  brought  before  you  by  Sir  Henry 
Gilbert,1  I  need  not  now  direct  further  attention  to  them,  my  present 
object  having  been  merely  to  place  before  you  the  aforesaid  soil  inves- 
tigations, which  have  so  interesting  a  bearing  in  relation  to  the  field 
results. 

1  U.  S.  Dept.  Agr.,  Office  of  Experiment  Stations  Bui.  22. 


Section  VTTT. 


HUMUS  AND  ITS  NITROGEN  CONTENTS. 

M.  Grandeau,of  Paris,  some  time  since  suggested  the  use  of  dilute 
alkali  as  a  solvent  for  humus  in  soil  analysis,  and  the  process,  in  an 
extended  form,  has  been  applied  t<>  the  Investigation  of  a  targe  num- 
ber of  soils  in  the  United  States  by  Professor  Hilgard  and  Professor 
Jaffa,  both  for  the  extraction  of  humus  and  for  the  determination  of 
soluble  nil  rogen.  Papers  on  the  subject  have  been  published  by  both 
authors. 1 

The  feature  on  which  Professor  Hilgard  lays  especial  stress  is  not 
the  actual  percentage  of  humus  or  of  nitrogen  in  the  soil,  but  the 
rat  io  of  "soluble  "  nit  rogen  to  "soluble  "  humus.  1 1  is  invest  igat  ion, 
Up  to  the  time  of  publishing  the  papers  referred  to,  led  him  to  the  con- 
clusion that  if  the  "soluble"  nitrogen  was  less  than  -2.-")  parts  per  100 
parte  of  "soluble"  humus,  the  conditions  were  probably  so  unfavor- 
able to  nitrification  that  the  soil  might  be  regarded  as  suffering 
practically  from  "nitrogen  hungriness." 

The  process  used  is  described  by  Professor  Jaffa  on  page  35  of  the 
report  referred  to,  and  is  briefly  as  follows: 

Hil</<ir<r.s  method. — The  soil  (5  grains  or  1<>  grams)  is  extracted  in  a 
funnel,  first  with  dilute  hydrochloric  acid,  then  with  water  to  remove 
the  acid,  and  lastly  with  dilute  caustic  soda  in  the  experiment  for 
determining  soluble  nitrogen  or  with  dilute  ammonia  for  the  deter- 
mination of  soluble  organic  matter.  Professor  Hilgard  uses  a  -t  per 
cent  solution  of  caustic  soda  and  a  <*>  to  7  per  cent  solution  of  ammonia. 
The  soil  is  extracted  as  long  as  the  filtrate  remains  colored. 

The  process  was  subsequently  slightly  modified  at  an  annual  con- 
vention of  the  Association  of  Official  Agricultural  Chemists  of  the 
United  States. 

The  process  as  used  earlier  by  Professor  Hilgard,  without  the  just- 
mentioned  modifications  as  to  the  strength  of  alkali,  has  been  applied 
in  the  Kothamsted  laboratory  by  Dr.  X.  II.  J.  Miller  to  the  investiga- 
tion of  a  large  number  of  the  Kothamsted  soils,  and  also  of  a  sample 

1  California  Station  Rpt.  1894-95,  pp.  23, 35. 

•  The  process  as  thus  modified  is  described  in  U.  S.  Dept.  Agr. ,  Division  of  Chem- 
istry Bui.  46,  revised,  p.  ?r». 
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of  Manitoba  soil  very  rich  in  nitrogen.  The  results  are  given  in  the 
following  table : 

Table  92. — Percentages  of  soluble  organic  matter  and  soluble  nitrogen  in  surface 

soils. 


Plat. 

Date 

of 
sam- 
ple. 

In  partially  dried  soil. 

Nitro- 
gen 
per 
cent  in 
soluble 
organ- 
ic mat- 
ter. 

In  dry  soil. 

Ni- 
tro- 
gen 
per 
cent 

of 
total 
nitro 
gen. 

Soluble  in  dilute  am- 
monia. 

Soluble 
in  di- 
lute 
soda, 
nitro- 
gen. 

Soluble 
organ- 
ic mat- 
ter. 

Soluble 
nitro- 
gen. 

Total 
nitro- 
gen. 

Dry 
matter. 

Organ- 
ic mat- 
ter. 

Min- 
eral 
matter. 

Manitoba  (Selkirk) . . . 

5.900  5.385 

0.515 

0.309 

3. 88 

5.932 

0.3303 
.2433 

0.618 

.5876 
.4374 
.4298 
.4152 
.4102 

.3785 
.3773 
.3847 

.2604 
.2298 
.2359 

.  2057 
.2405 

.1574 

.1882 
.2170 

.1090 
.1009 
.0966 

.0992 
.1178 
.  1153 
.  1036 
.  1125 
.1152 
.  1125 
.1227 
.1329 

.3048 
.2449 

.1283 

37.2b 
41.24 

Rothamsted  garden 
soil  (clover)  

1857 

1  (S3)  

1879 
1879 
1879 
1879 

1896 

4. 705 

3. 800 

.905 

},5 

1  

I 

.3185 
.3202 
.2075 

.1686 
.1785 
.1748 

.1727 
.1494 
.1469 

.1374 
.1523 

.083 

50. 83 
53.03 
50.85 

44.54 
47.32 
45.44 

66.32 
65. 01 
62.27 

66. 80 
66.33 

52.  73 

2 

3  

1  

3  

1896 
1896 

1886 
1886 
1886 

1879 
1888 

1893 

1865 
1893 

1865 
1881 
1893 



3  

Rothamsted  park: 

3  

6.373 
5.979 
5. 801 

6.242 
6.642 

6. 49 

2.710 
2.499 
3.536 

2. 201 
2.293 

1.282 

.96 
1.793 

.89 
.82 
.82 

.91 
.871 
.835 
.913 
.833 
.751 
.793 
.764 
1.040 

1.19 
1.90 

.85 

7  

7  (chalk  and  lime ) . 
Sir  J.  Henry  Gilbert's 
meadow  

Do  

Broadbalk  field 
(wheat): 
2a  

1.507 

1.410 
3. 147 

1.180 
1. 135 
1.007 

1.300 
.970 
.985 

1.080 

1.060 
.950 
.9130 
.930 

1.253 

1.300 
2.340 

1.320 

1.247 

.940 
1.740 

.870 
.900 
.800 

.887 
.850 
.815 
.887 
.800 
.730 
.770 
.740 
1.013 

1. 145 
1.840 

.840 

.260 

.470 
.407 

.310 
.235 
.207 

.413 
.120 
.170 
.193 
.260 
.220 
.160 
.190 
'.240 

.155 
.500 

.  480 

.081 

2b  

2b  

.111 

6.38 

.114 

52. 53 

3  

3 

3  

.049 

.057 
.062 
.060 
.051 
.052 
.062 
.058 
.060 
.073 

6. 13 

6.43 
7.28 
7.33 
5. 75 
6.55 
8.48 
7.50 
8.08 
7. 21 

.050 

.058 
.064 
.062 
.052 
.053 
.064 
.060 
.062 
.075 



— 

51.76 

58. 47 
54. 33 
53.  77 
50. 19 
47.11 
55. 56 
53. 33 
50. 53 
56.43 

5  

1893 
1893 
1893 
1893 
1X93 
1893 
1893 
1893 
1893 

1889 
1889 

1889 

8  

9a  

10a  

11  

12  

13  

14  

19  

Hoos  field  (barley): 

71  

7  -i 

O1  

The  data  on  which  Professor  Hilgard  lays  especial  stress  are  those 
comprised  under  tin?  heading  "  nitrogen  per  cent  insoluble  organic 
matter,"  which  for  the  moment  we  may  call  the  "Hilgard  ratio."  In 
the  rich  Manitoba  soil  this  percentage  is  3.88  only,  or  less  than  in 
any  of  the  Rothamsted  soils.  The  actual  quantity  of  soluble  nitrogen 
is  high,  the  low  ratio  being  caused  by  the  very  large  proportion  of 
humus  extracted  from  this  soil. 

Tlx*  Rothamsted  soils  examined  include  garden  soil,  the  park  land, 
Sir  Henry  Gilbert's  meadow,  and  the  permanent  wheat  and  barley 
fields.  The  "Hilgard  ratio"  is  (in  round  numbers)  5.5  for  the  rich 
garden  soil,  from  5.8  to  6.3  in  the  park  soil,  from  6.2  to  6.6  in  the 
meadow  soil,  and  Prom  5.75  to  8.48  in  the  wheal  soils.  The  least  fer- 
tile of  the  wheat  soils,  namely,  plat      unmanured  for  fifty  years, 
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gives  a  "  Hilgard  ratio"  of  6.13,  and  plat  5  (minerals  without  nitrogen 
for  fifty  years)  gives  <i.43,  while  the  richest  and  most  fertile  plat, 
namely,  plat  2b  (dunged  for  fifty  years)  gives  almost  the  same  ratio, 
namely,  6.38. 

It  would  seem,  therefore,  that  although  the  ratio  on  which  Professor 
Hilgard  lays  stress  may  serve  as  an  index  to  initial  nitrogenous  fer- 
tility in  soils  comparatively  newly  brought  under  cultivation,  it  does 
not  afford  a  means  of  differentiating  between  a  Btarved  and  a  fertile 
soil  in  the  ease  of  long-cultivated  land  such  a^  we  have  at  Rothamsted. 

As  regards  the  wheat  soils,  the  quantity  of  soluble  organic  matter 
is  greatest,  as  we  should  expect,  on  the  continuously  dunged  plat, 
2b,  in  which  the  proportion  appears  to  have  increased  from  0.96  per 
cent  to  1 .7(X>  per  cent  between  1st;;)  and  ISli.'J;  hut  it  must  be  remem- 
bered that  the  I860  sample  was  thirty  years  old  when  examined,  and 
ma\  possibly  have  Undergone  some  decomposition  or  alteration. 
Next  to  the  dunged  plat  comes  the  rape-cake  plat,  L9,  with  L. 04  per 
cent  of  soluble  organic  matter.  In  the  other  plats  the  variations  lie 
between  <».7;>i  percent  and  0.!»1  percent. 

The  last  column  of  the  table  expresses  the  soluble  nitrogen  as  per- 
centage of  the  total  nitrogen  of  the  soil,  and  it  will  be  seen  that  the 
variations  all  lie  within  the  range  47.11  per  cent  to  58.47  per  cent. 

In  fact,  it  may  be  broadly  said  thai  the  soluble  nitrogen  all  through 
follows  pretty  closely  the  total  nitrogen,  and  in  the  case  of  the  arable 
land  is  about  one-half  of  it.     It'  we  take  the  plat s  that  differ  most 

widely  in  their  treatment,  we  find  51.76  per  cent  of  the  total  nitrogen 
to  be  soluble  in  dilute  soda  in  t  he  case  of  t  he  permanently  unmanured 
plat.  No.  ">.  and  ^-2.')'-)  per  cent,  or  almost  the  Same  proportion,  in  the 
case  of  the  continuously  dunged  and  richest  plat,  2b.  Of  the  chemic- 
ally manured  plats,  plat  l<»a,  continuously  dressed  witb  ammonium 
salts  without  minerals,  shows  50.19  percent,  and  plat  L3, dressed  with 
phosphates  ami  potassium  salts  as  well  as  ammonium  salts,  gives 
53.33  per  cent . 

It  would  seem,  therefore,  that  as  far  as  the  Broad  balk  wheat  held 
concerned  the  determination  of  soluble  nitrogen  in  the  manner 
described  does  not  give  us  any  more  information  as  to  potential  fer- 
tility than  would  be  derived  merely  from  the  determination  of  the 
total  nitrogen. 

In  the  Rothamsted  garden  soil  (clover  plats)  the  proportion  is  also 
nearly  50  per  cent,  ranging  from  41.21  per  cent  to  53.03  per  cent,  but 
in  the  park  and  meadow  land  it  ranges  from  62.27  per  cent  to  66.80 
per  cent,  there  being,  therefore,  a  distinctly  higher  proportion  of 
soda-soluble  nitrogen  than  occurs  in  the  arable  land. 

It  is  worth  noting  that  in  the  garden  clover  soil  as  the  percentage 
of  total  nitrogen  diminishes  the  percentage  of  soluble  nitrogen  in  that 
total  also  diminishes. 

In  the  very  rich  .Manitoba  soil  the  proportion  of  soluble  nitrogen  is 
only  37  per  cent  of  the  total  nitrogen. 


CONCLUSION. 


This  concludes  the  records  of  the  results  of  the  Rothamsted  soil 
investigations,  which  have  been  intrusted  to  me  for  presentation  to 
you.  That  the  duty  has  been  but  imperfectty  fulfilled  I  am  very 
sensible,  and  I  have  already  pleaded  in  apology  the  great  difficulty  of 
dealing  adequately  with  such  abundant  and  suggestive  material. 
With  that  apology  I  coupled  an  acknowledgment  of  the  infinite  pains 
spent  by  Sir  Henry  Gilbert  in  aiding  and  advising  me  in  the  prepara- 
tion of  these  lectures,  and  now,  in  closing  them,  I  wisli  once  more  to 
express  my  sense  of  his  most  valuable  help;  also  I  wish  to  tender  to 
the  many  American  friends  and  colleagues  whom  I  have  met  at  this 
gathering  for  the  first  time  my  cordial  thanks  for  the  most  kind 
reception  and  the  very  patient  hearing  accorded  to  me  as  the  repre- 
sentative, for  the  time  being,  of  the  Lawes  Agricultural  Trust  Com- 
mittee, and  also  to  express  the  hope  that  many  of  the  friendships 
begun  during  this  my  first  visit  to  America  may  happily  last  for  many 
years  to  come,  and  may  be  refreshed  from  time  to  time  hereafter  by 
personal  meetings  on  both  sides  of  the  Atlantic. 

POSTSCRIPT. 

In  my  opening  lecture  it  was  my  painful  task  to  refer  to  the  then 
recent  loss  which  scientific  agriculture  had  sustained  by  the  death  of 
Sir  John  Lawes.  I  have  now  the  sorrow — little  more  than  a  year 
afterwards — to  refer  to  the  death  of  his  life-long  colleague,  the  news 
of  which  will  have  been  received  with  heartfelt  grief  by  his  manj^ 
friends  in  the  American  world  of  science.  Sir  Henry  Gilbert  died  at 
Rothamsted  on  December  23,  1901,  at  the  age  of  nearly  85  years.  His 
association  with  Sir  John  Lawes  dated  from  1843,  and  had  therefore 
lasted  for  nearly  sixty  years.  It  is  unnecessary  to  add  more  in  one 
way  of  memoir.  His  own  record  of  his  work  to  a  recent  period,  pre- 
sented to  America  by  himself,  and  the  further  record  embodied  in  the 
foregoing  pages,  will  be  a  sufficient  memorial  of  him  to  those  con- 
versant with  the  nature  of  the  problems  to  which,  in  association  with 
Sir  John  Lawes,  lie  devoted  his  life  and  his  boundless  energy.  It  is 
pleasant  to  be  able  to  add  that,  although  his  health  had  gradually 
tailed  during  the  year  succeeding  the  loss  of  his  old  friend,  he  con- 
tinued to  the  last  to  take  a  keen  interest  in  his  work,  and  transacted 
business  connected  with  it  to  within  thirty-six  hours  of  the  end.  His 
death  leaves  a  conspicuous  gap  in  the  ranks  of  English  chemists. 
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